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^hen you set out for Ithaca 
ask that your way be long 
full of adventure, full of things to learn 
Have Ithaaa always in your mind 
Your arrival there is what you are destined for 
But do not in the least hurry the journey 
Better it last for years 
so that when you reaoh the island you are old 
rich with all you have gained on the way, 
not exipecting Ithaca to give you wealth 
Ithaca gave you the splendid journey 
Without her you would not • have set out 
She has nothing more to give you 
And if you find her poor, Ithaca has not deceived you 
So wise have you become, of such experience 
that already you will have understood 
what these Ithacas mean 
Ithaca 
C.P. Cavafy 
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ABSTRACT 
In the sociology of science, a concern with political/economic 
effects on science or with "the social system of science" have tended 
to be mutually exclusive approaches. Perhaps as a consequence of this 
there have been few sociological studies of scientific activity which 
have attempted an integrated approach. Political/economic factors can 
influence science on a number of levels, one of which is the orientation 
of research activity. This is the case with solar energy research in 
Australia which began through the search for appropriate technologies 
for marginal situations, but which due to the increasing interest in 
energy provision in the 1970's became "energy research". This had a 
significant effect on the nature of solar energy research; scientists 
who as a profession had held only a minor role in solar energy research 
compared with engineers, became much more dominant. As scientists' 
contributions increasingly were defined as solar energy research, the 
boundaries of what was conceived of as solar energy research greatly 
increased and incorporated a wide range of fundamental through develop-
mental research. Solar energy research is characterised by great 
cognitive diversity which makes it difficult to establish agreement on 
research priorities. Collectively the resurgence of interest in, and 
involvement in, solar energy research has involved certain tensions, 
in particular between engineers and scientists, between university-based 
researchers and government researchers, between the established solar 
energy researchers and the new-comers. Also solar energy research has 
had funding problems because, while it is dominantly aimed at development 
of technology, relatively little funding for such work is available in 
(Vi) 
Australia. Government funding dominates, which places those scientists 
who are policy advisers in a powerful position, however the designation 
of solar energy research as rather mundane science has limited the 
funds entering it from existing channels of funding. Also it has had 
none of the institutionally established support of existing energy 
technologies. Solar energy researchers have recognised this situation 
and also that increased public relations activity is a likely outcome, 
however those solar energy researchers who have been successful in 
this regard have been subject to considerable criticism by other solar 
energy researchers. 
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CHAPTER 1 
INTRODUCTION 
The sociology of science, in the sense that one would refer to a 
discrete sociological specialty, dates from approximately the mid-1950's. 
Prior to this time little attention had been given to the sociological 
study of science, the most notable work being Robert Merton's Science, 
1 
Technolog-^ and Societij in Seventeenth Century England, although it is 
interesting to note that Auguste Comte in his Cours de Fhilosophie 
Positive had addressed himself briefly to certain aspects of social 2 
interpretations of the development of scientific knowledge. Neither 
of these two early approaches are, however, typical of the early 
sociology of science as it developed from the mid-1950's. In particular, 
in this early work there was little attention to the epistemological 
issues that were raised, albeit briefly, by Comte; epi stemol ogi cal 
3 
issues were largely treated as unproblematic. Following the attention 
R.K. Merton (1970) Science, Technology and. Society in Seventeenth 
Ceyttury England, Harper Torch Books, New York (originally published 
in 1938). 
^ Comte was critical of the tendency to treat scientific knowledge 
as a cohesive body of knowledge at a point in time, and emphasised 
the need to see scientific knowledge as the product of an ongoing 
process, that is, the need to recognise that scientific knowledge 
has a history. However, this was not just a history in the sense 
of a sequence of events, but a cumulative process in which there 
was a non-random relationship between existing knowledge and its 
antecedents. For further comments on Comte in this regard see 
N. Elias (1972) "Theory of Science and History of Science", 
Economy and Society , vol. 1, no.2, pp.117-33. 
^ This is by now a fairly common comment on this sociology of 
science; probably the most often noted article which makes this 
point is R.D. VJhitlev (1972) "Black Boxism and the Sociology 
of Science: A Discussion of the Major Developments in the Field" 
in P Halmos (ed.) The Sociology of Science , Sociological Review 
Honograoh No. 18, University of Keele, Keele, pp.51-92. 
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given to the philosophy of science writings of Karl Popper, (in 
particular following the publication in English of his work The Logic 
of Scientijia Discovery) this was less likely to be so, however, the 
particular logic of scientific progress presented by Popper meant that 
sociologists could still effectively treat epistemological questions 
as a "given" in the mathematical sense because they were presented as 
5 
totally devoid of any "social" variable. The content of science was 
seen as being based on the objectivity of the scientific method which 
involved the systematic collection of scientific facts and subsequent 
attempted falsification. Sociology of science thus had a philosophical 
basis for restricting its concern to the study of the practitioners 
of "the scientific method" in particular as a "community". It was 
thus very much a sociology restricted to "what went on before and 
after the scientific method" and not at all a sociology of "what went 
on in the scientific method". 
This philosophy of science explicitly or implicitly dominated 
the sociology of science until the advent of the philosophy of science 
6 
of Thomas Kuhn. In practice a comment on previous philosophy and 
history of science, Kuhn's work was potentially of even greater 
significance for the sociology of science as it promised not simply 
4 
K.R. Popper (1959) The Logic of Scientific Discovery, Hutchinson, 
London. 
^ There was, in effect, an implicit acceptance of the view that, 
"You can kill or mutilate the advance of science, you cannot 
shape it". M. Polanyi (1962) "The Republic of Science: Its 
Political and Economic Theory", Minerva, vol. 1, no.l. 
Autumn, p.62. 
^ See T.S. Kuhn (1962) The Structure of Scientific Revolutions, 
University of Chicago Press, Chicago. 
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a qualitatively distinct approach but also one that was quantitatively 
distinct in that it opened up a whole new area - the content of scien-
7 
tific knowledge - as an area in which social factors exert an influence. 
The argument was not that social factors determined the content of 
scientific knowledge, rather that the designation of knowledge as 
scientific was not determined by some absolute test of "scientificity" 
and that therefore in the allocating of such a designation that there 
was a part played by the "collective consciousness" of the relevant 
scientific community, (in this regard, Kuhn in fact has a clear 
similarity with Polanyi's argument that "plausibility" is a vital 
component in the acceptance by scientists of the results of scientific 
, 8 
research). 
It is not my intention here to get into a detailed discussion 
of Kuhn's philosophy of science, rather my interest is in the 
fact that it did generate a lot of interest in, and have an 
effect of thinking in, the sociology of science. For detailed 
critiques of Kuhn, from a number of perspectives, see, e.g. 
J. Urry U 9 7 3 ) "Thomas Kuhn as a Sociologist of Knowledge", 
British Journal of Sociology , vol. 24, pp.462-73. K. Tribe 
(1973) "On the Production and Structuring of Scientific 
Knowledges", Economy and Society, vol. 2, no. 4, pp.455-78. 
N. Elias (1972) ov. cit., pp.117-23. A. McAlpine, A. Bitz 
and I. Carr (1974) "The Investigation of Patterns of Social 
and Intellectual Organisation in the Sciences". Paper 
presented to a PAREX meeting on Methodological Issues in 
the Sociology of Science, York University, June. 
See also the various papers (by Popper, Lakatos, Feyerabend 
and others) in I. Lakatos and A. Musgrave (1970) Criticism 
and the Growth of Knowledge, Cambridge University Press, 
Cambridge. 
g 
M. Polanyi (1972) op. cit., pp.57-8. 
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The "social" of which Kuhn speaks is the society of scientists, 
and the social factors are those generated internal to the community 
9 
of science. It is not at all clear however, once epistemology is 
opened up to "the social", how one can argue that some social influences 
10 
are not to be included. Little attention has been given to this 
matter by sociologists of science, or at least, less attention than 
one might suppose giventhe seeming importance of Kuhn's work for the 
sociology of science. The reason for this is that Kuhn's writings 
have been selectively utilised; the concepts of "normal science" and 
"paradigm" have become common concepts in the field whilst the aspect 
which deals with tne social effects on scientific knowledge have been 
accorded much less attention. In fact most of the studies have 
continued as before Kuhn, to study "the community of science". 
10 
It was thus by no means the same discourse as that presented in 
the 1930's by Hessen and others, which although not in itself 
a philosophy of science, did clearly presuppose the existence, 
albeit undeveloped, of a philosophy of science which saw 
scientific theory as being detet^iined by political/economic 
factors. See, for example, B. Hessen (1971) "The Social and 
Economic Roots of Newton's 'Principia'" in N. Bukharin et al., 
Scie-ace at the Crossroads, Frank Cass and Co. Ltd., London, 
pp.147-212. 
Kuhn in fact does on occasions suggest one manner in which 
more general social factors may affect science at the 
conceptual level. For example, 
"Of course no scientist consciously makes use of philosophical 
assumptions in his work unless he expects them to help solve 
concrete technical problems. But, ..., the assumptions of 
which scientists have in fact made fruitful use vary from 
time to time from field to field. Prior to prolonged and 
concerted trial, there are no criteria to determine which 
assumptions will prove useful and which not ... His choice, 
must inevitably be determined in part by factors external 
to his science, primarily by his societies evaluation of the 
few philosophical positions current during the years of his 
education and apprenticeship". T.S. Kuhn (1972) "Scientific 
Growth: Reflections on Ben-David's 'Scientific Role'", 
1-linerva, vol. 10, no. 1, Jan. p. 175. 
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In the United States, in particular, studies of the community of 
science have continued to dominate and have been joined by a growing 
sociometry of science. In Europe (including the United Kingdom)^ 
sociologists of science have been more receptive to Kuhn's philosophy 
of science as a guide to actual studies, perhaps because a sociology 
of knowledge perspective was already more an established part of their 
sociology of science tradition. However, most of this work is very 
recent and while attention is increasingly being given to cognitive 
and social factors and the relationship between them, the relationship 
is far from theoretically specified and hence the studies remain at 
11 
this stage, largely disparate. Certainly, it is the case that no 
coherent epistemology exists which is able to specify the nature of a 
"social-epistemological" intercourse, but this does not mean that, 
ipso facto, investigation of this area will not lead to significant 
advances in our understanding of the role, social factors play in the 
development of scientific knowledge, even if it is a clarification of 
the limitations of such a role. 
See, for example, R.D. Whitley (ed.) (1974) Social Processes 
o' Scientific Devslovment, Routledge and Kegan Paul, London 
and Boston"; K.D. Knorr, H. Strasser and H.G. Zilian (eds.) 
(1975) Vetevni-nants and Controls of Scientific Development, 
D. Reidel, Dordrecht/Boston; G. Lemaine, R. MacLeod, 
M. Mulkay and P. VJeingart (eds.) (1976) Perspectives on 
the Erieraence o' Scientific Disciplines, Mouton/Al di ne, 
The Hague/Chicago; E. Mendelsohn, P. VJeingart and R. Whitley 
(eds.) (1977) The Social Production of Scientific Knowledge, 
D. Reidel, Dordrecht/Boston. 
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While this "cognitive-social interface" is an approach of growing 
importance, in particular in the European sociology of science, there 
is another aspect of the sociology of science that has remained 
relatively underemphasised, and that is the functioning of science 
as an activity which produces "useful knowledge" in conceptual form 
and/or in the concrete form of specific technologies. Just as earlier 
sociologists of science have been accused of studying scientists 
12 
rather than science the epistemological concern could lead to a 
dominance of sociology of knowledge analyses at the expense of analyses 
of science as a process that goes beyond the production of cognitive 
products to technologies, to material commodities that fulfill func-
tions on everyday life. That is, whether or not social influences 
affect the structure and content of science, science exists as an 
economic practice in the more mundane sense, that is, it is an activity 
which both requires funding and also produces material end products. 
VJhereas a philosophy of science might well restrict itself to 
epistemological matters, a sociology of science should be also involved 
in the analysis of science as a particular form of social and economic 
13 
activity. This aspect was central to Merton's earliest works but 
14 
with a few exceptions seems to have become less of a concern than 
13 
Ik 
R.D. Whitley (1972) op. ait., pp.61-2. 
R.K. Merton (1970) oip. ait. 
For example, J. Ben-David (1971) The Scientist's Role in Society, 
Prentice-Hall, New Jersey; S.S. Blume (1974) Towards a Political 
• Sociology of Science, Free Press, New York and London; S.S. Blume 
(ed.) (1977) Fevs-pectives in the Sociology of Sciences, John 
Wiley and Sons, Chichester and New York. 
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both epistemological and "community of science" approaches. Concern 
with "institutional" factors seems to have been left largely to the 
15 
economists or to the multidisciplinary field of science policy 
studies, certainly there seems to have been little attempt to produce 
studies which combine the insights from all three perspectives; 
epistemological , "community of science" and science as a political/ 
economic activity. 
There is thus a place within the sociology of science for a 
more explicit attending to the relationship between science and "the 
pol itical/economic realm", a relationship which has two dimensions, 
the effect of political/economic factors on science and the effect 
of science on the political/economic realm. As such, it would be an 
important complement to the existing emphasis on "cognitive" and 
"community of science" approaches, which should result in an ability 
to produce studies of scientific activity which can incorporate these 
approaches in a particularly fruitful holistic manner. The production 
of such a study is the intention of this thesis. 
15 
For a review of this literature, see C. Freeman (1977) 
"Economics of Research and Development" in I. Spiegel-Rosing 
and D. de S. Price (eds.) Science, Technology and Society , 
Sage, London and Beverly Hills, pp.223-75. Also E.B. 
Skolnikoff (1977) "Science, Technology and the International 
System" in I. Spiegel-Rosing and D. de Solla Price (eds.) 
op. cit. , pp.507-33. 
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The following chapter discusses first the course of development 
of modern science, in particular, its development as an important 
political and economic activity, then secondly, addresses the problem 
of what it means to argue that political/economic factors have an effect 
on science. Chapter 3 gives a schematic coverage of the approaches 
that have been taken within the sociology of science, with the intention 
of clarifying the specific insights into the practice of science that 
have been produced through such studies. 
At this point, solar energy research in Australia, as the 
particular focus of the thesis, is introduced in the context of the 
methodology chapter (Chapter 4) which explains the decision to focus 
on solar energy research, the extent to which necessary data already 
existed, the need to generate new data and the means for doing so. 
The chapter concludes with a description of the treatment (analysis) 
of the data. 
The remainder of the thesis deals with the results of this 
research, beginning with a description of, and analysis of, the history 
of solar energy research in Australia. Attention is given to the 
origins of the field in Australia, how the nature of the field has 
changed over time, the significance for solar energy research of 
theoretical and technological developments and the effect of political/ 
economic factors on the field. 
Chapter 5 seeks to characterise solar energy research as a 
specific research field within the universe of research fields, 
focusing in particular on what it m.eans to speak of a research field 
as a socially and cognitively organised activity. Utilising this 
approach attention is focused on the levels of cognitive and social 
- 9 -
institutionalisation and the effect thereof, the identification and 
site of key individuals in solar energy research and the role that they 
play, and what is described as the "image" of solar energy research. 
Chapter 7 develops the general argument presented in Chapter 2 
as to the significance of political/economic factors on science, by 
looking at the question of the particular relevance of the fact that 
the scientific research in question is being done in Australia, rather 
than, for example, in the United Kingdom or the United States. That 
is, it focuses on the importance of the specific political/economic 
context. A description and analysis is provided of research and 
development in Australia in terms of the distribution of resources 
to various forms of research and the significance of the structure 
of the economy in this regard. 
Following this, in Chapter 8, the specific situation of solar 
energy research is focused on, in terms of both funding and policy 
that affects the field. Reactions of the solar energy research are 
noted as are the various responses that occurred to the situation in 
which they found themselves. This chapter concludes with a section 
that analyses the situation in which solar energy research has been 
placed in terms of both the general context of research and development 
in Australia presented in Chapter 7 and the particular relevance of 
the characteristics of solar energy research within "the realm of 
science" in this regard. 
One of the particular responses noted in Chapter 8, was the 
upsurge in public relations activity and this becomes the specific 
focus of Chapter 9, attention being given to both the reasons for 
its appearance and the reactions of the solar energy researchers to 
such activity. 
- 1 0 -
Chapter 10 concludes the thesis, summarising the results and 
providing an indication of the contribution of the thesis and the 
implications that follow both for policy and for further research in 
the sociology of science. 
CHAPTER 2 
THE POLITICAL/ECONOMIC REALM 
This chapter has two objectives. The first is to trace the 
development of modern science as "useful knowledge" and the course that 
it has taken in becoming an activity of major political and economic 
importance. This is the task of Section 1, The Political/Economic Realm 
and the History of Science. The second objective is to investigate 
the effect of political and economic factors on science. The specific 
task of Section 2, Political/Economic Influences on Science - Levels of 
Effect, is to inquire into just what this notion of "effect" may mean. 
SECTION 1: THE POLITICAL/ECONOMIC REALM AND THE HISTORY OF SCIENCE 
In an important ontological sense it can be argued that political/ 
economic matters are intrinsically part of the very nature of modern 
science, because modern science is an epistemology which views nature 
in an instrumental manner, that is, which posits as ontologically 
possible an intercession in the course of nature. If this position is 
accepted, it may be argued that even the most esoteric, fundamental, 
knowledge within modern science belongs to a species of knowledge which 
is instrumentalist, that is, which can conceive of intercession in the 
course of nature. This cannot of course be reduced to an argument that 
scientific research is therefore practical in the sense of its attending 
to "real world" problems. 
Institutionally however, modern science did very much establish 
itself through the tackling of pragmatic problems disdained by the 
- 12 -
1 
dominant Aristotelian scientists. The latter held that science was 
contemplation, a purely intellectual activity not subject to any 
form of experimentation and not promising any tangible applications. 
Aristotelian science was not concerned with what it saw as the mundane 
manipulation of the observable world.^ 
Scientific knowledge under feudalism, however, was not simply 
a form of knowledge, it was a form of knowledge that was a vital part 
of the metaphysics of the society, indeed it was subject to "correction" 
by theology. The "partnership" of Aristotelian science and Christian 
theology represented a formidable duo which provided an explanation of 
the world that v;as congruent with the existing hierarchical feudal 
society. Scientific debate such that we now speak of was significantly 
more, in this context, it was a questioning of the whole theological 
system, an explicitly political challenge given the important 
political role of the Church. The hierarchical system was seen as 
natural, reflecting the natural hierarchy present in the universe. 
Aristotelian science saw existence as constant, change as degenerative, 
hence the existing social structure was given aesthetic as well as 
functionally based support through this dominant science. 
1 See, for example, J-J Salomon (1973) Science and Politics, Macmillan, 
London, pp.8-10. 
"From the Greeks down to the early Renaissance, the tension of the 
relation between theory and practice was primarily related to the 
moral question of which life style - the theoretical (contemplative) 
or the life of labor - was more delightful in the eyes of God", 
G. Bohme, W. van den Daele and W. Krohn (1978) "The Scientification 
of Technology" in W. Krohn, E. Layton and P. Weingart (eds.) 
The Dynamics of Science and Technology, Sociology of the Sciences, 
vol. 2, D. Reidel, Dordrecht/Boston, p.221. 
For a summary of the concepts and ideals of Aristotelian science see, 
e.g. J.D. Bernal (1969) Science in History, Vol. 1, The Emergence of 
Science, Pelican, London, pp.198-208. 
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Because of this, modern science as it began to emerge in Italy 
in the fifteenth century, was always more of artifact status than a 
serious challenge to scientific hegemony. It was supported by the class 
whose interests lay in the existing structure and for whom science was 
"interesting" rather than "useful".^ Aesthetically,it was much less 
appealing than existing explanations of the world and its promise of 
empirical changes was largely irrelevant in the dominant mode of 
production, feudalism. 
Despite the congruence between this science and the religious 
doctrine of the time," feudalism itself was subject to change in the 
form of a developing commodity and money economy which was incongruent 
with the fixed social structure of feudalism and which led to the need 
for a system of knowledge which could deal with the technical problems 
confronted by this new economy.^ In particular, the decline of 
3 
For a detailed discussion of the growth of modern science, see 
J. Ben-David (1971) op. cit. 
"The cultural retrogression of the Middle Ages in Europe which 
made the situation prevailing in the medieval communities 
approximate in many respects that of primitive societies, was 
not conducive to innovation, least of all in the field of 
technology. The static hierarchic social stratification that 
was sanctioned as divinely ordained by the Church, which at 
the same time attached spiritual value to poverty and denounced 
materialism and experimentation, created both an economic 
setting and an authoritarian attitude fatal to scientific 
progress and technology. Medieval society was, to be sure, 
not entirely immobile. But local self-subsistance was a 
limiting economic frame, and the anti-scientific attitude of 
the Church, enforced by heresy trials, produced an environment 
hostile to scientific and technological innovation." 
B.J. Stern ^ 9 3 7 ) "The Frustration of Technology", Science and 
Society, vol. 2, no. 1, Winter, pp.8-9. 
Development of such an intellectual system was not immediately 
necessary however as nascent capitalism was able to utilise the 
products of inventive activity from Eastern civilisations such 
as the water-mill, the windmill, the clock, the mariner's compass, 
the sternpost rudder, lenses, paper and printing. See, e.g. 
J.D. Bernal (1969) op. cit., pp.208-27. 
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feudalism and the rise of capitalism implied the existence of a period 
of hegemonic pluralism. The decline of feudal hegemony coupled with 
the rise of a class whose interests lay in manipulation of the empirical 
world provided the conditions for acceptance of modern science.^ The 
fact that this occurred first in Northern Europe, rather than in Italy, 
coupled with the more conducive Protestant doctrine, meant that modern 
At the same time that ancient science began to give way to modern 
science, this change was being reflected within philosophy in 
particular in the writing of Descartes (1596-1650) who discussed 
the new conception of nature that such a science implied, 
"But as soon as I had acquired some general notions concerning 
Physics and as beginning to make use of them in various special 
difficulties I observed to what point they might lead us and 
how much they differ from the principles of which we have made 
use up to the present time ... For they caused me to see that 
it is possible to attain knowledge which is very useful in life 
and that instead of that speculative philosophy which is taught 
in the Schools, we may find a practical philosophy by means of 
which, knowing the force and the action of fire, water, air, 
the stars, heavens and all other bodies that environ us as 
distinctly as we know the different crafts of our artisans, 
we can in the same way employ them in all those uses to which 
they are adapted,and thus render ourselves the masters and 
possessors of nature". R. Descartes (1967) "Discourse on 
Method" in The Philosophical Works Vol, 1, trans. E.S. Haldaue 
and G.R.T. Ross, U.P., Cambridge, Mass., p.119. Excerpt from 
quote in Bohme et al. (1978) op. oit., p.223. 
But it was more than just a useful knowledge, it was in fact an 
epistemologically distinct knowledge given expression in the 
realm of philosophy by Descartes through his distinction of 
subject and object, effectively a distinction of cognition from 
promised application in the real world, it was a system of 
knowledge which removed knowledge of an object from the sphere 
of its application. Knowledge was thus philosophically removed 
from the user of the concrete to the user of concepts. 
Dickson makes the point that this "notion of purity" was emerging 
with respect to the other fields as well at about this time, notably 
in art - the idea of "art for art's sake" - and in the work 
situation where "labour" was becoming "labour power", a commodity, 
with the accompanying distinction between mental and manual 
components of labour. D. Dickson (1974a) Alternative Technology 
and the Politics of Technological Change, Fontana/Col1ins, London, 
p.188. 
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science was able to progress in Northern Europe in a way that was not 
immediately possible in Italy and the centre of modern science as a 
7 
consequence, moved north. 
Aristotelian science by no means immediately faded from the 
8 
scene however, in particular, because of its theological role. 
Entrenched in the universities, adherents to Aristotelian science 
comments; 
from actual science -
better philosophy or 
phenomena than the 
J. Ben-David U 9 7 1 ) op. cit. , pp.59-74. He 
"The scientistic world view - as distinct 
had not been adopted because it offered a 
a better explanation of important natural 
previous philosophies and religious doctrines. Those who were 
satisfied with the world as it was did not change their scale 
of intellectual values as a result of better solutions to a 
few riddles of nature. But for those interested in changing 
the world, empirical science was the true prophesy." (p.73) 
"In the period of the Renaissance, technology and theoretical 
knowledge were still connected only on the basis of Aristotelian 
categories. In interpreting their discoveries, the practitioners 
of the experimental method still had to appeal to the 'natural 
place' of bodies and to theological forces moving them." 
G. Bohme et al. (1978) op. ait., pp.231-2. 
In a similar vein, Mendelsohn argues that the institutionalisation 
of modern science involved the downplaying and restricting of the 
radical possibilities of modern science and in particular, a 
conscious effort to differentiate modern science from political, 
theological or ethical matters, so that it was not presented as 
a challenge to established political interests. E. Mendelsohn 
(1977) "The Social Construction of Scientific Knowledge", in 
E. Mendelsohn, P. Weingart and R. Whitley (eds.) The Social 
Production of Scientific Knowledge , D. Reidel, Dordrecht/Boston, 
pp.12-20. 
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in many cases actively opposed the development of modern science. 
Modern science began to develop therefore, largely outside the 
universities, in particular, becoming institutionally centred around 
scientific academies such as the Royal Society of London and the Paris 
Academy of Sciences. Formal recognition was not, however, always 
1 0 
accompanied by funding - this varied between countries - and where 
1 0 
Hessen tells the story of a scientist (Kircher) at the beginning 
of the seventeenth century, who suggested to a professor that he 
look through a telescope at the newly discovered sun-spots. The 
professor replied, 
"It is useless my son. I have read Aristotle through twice 
and have not found anything about spots on the sun in him. 
There are no spots on the sun. They arise either from the 
imperfections of your telescope or from the defects of your 
own eyes." B. Hessen (1978) "The Social and Economic Roots 
of Newton's 'Principia'" in N. Bukharin et al. , Science at 
the Crossroads, Frank Cass and Co. Ltd. London, pp.167-8. 
The resistance of the universities was not surprising however, 
as their dominant role was in fact the education of the clergy, 
"Although there are marked differences in development, in the 
structure and function between the French, British and German 
universities, the one common characteristic of the institution 
is that well into the eighteenth century it was primarily 
devoted to theological teaching on the one hand and classical 
literary studies on the other. The only two professions 
besides the clergy that were both institutionalised and had 
their counterparts in departments or chairs within the 
university were the legal and medical professions. The 
newly emerging experimental sciences and arts were not 
incorporated into the university curriculum until much later." 
P. Weingart (1978) "The Relationship Between Science and 
Technology - A Sociological Explanation" in W. Krohn et al. 
(1978) op. cit. , p.263. 
Lack of such funding was by no means due to lack of a practical 
orientation by such institutions. Merton, for example, notes 
that the Royal Society was explicitly concerned to show the 
practical utility of science. R.K. Merton (1962) "Science and 
Economy of Seventeenth Century England", in B. Barber and 
W. Hirsh (eds.) The Sociology of Science, Free Press, New York, 
pp.67-88. 
J-J. Salomon (1973) op. cit., p.12, quotes from the Charter of 
the Royal Society (1663) in which their objective was stated as, 
"perfecting the knowledge of natural things and of all useful 
arts, manufactures, mechanical practices, engines and inventions 
by experiment..." 
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it was forthcoming it was very much funding for members of such academies, 
rather than for science and over time this distinction became increasingly 
significant as the number of scientists grew and with it the demands for 
11 
funding. 
It was on the basis of the potential utility of scientific discoveries 
that most claims for increased financial support for scientific research 
were made during the 1800's. In particular the claims were aimed at 
the state as the scientists argued that scientific knowledge would lead 
12 
to an improvement in "man's estate", benefiting "society at large". 
Charles Babbage argued that the lack of state financial support for 
13 
scientific research endangered the expansion of industry. However, 
in practice, the contribution of science to technological developments 
was still rather unclear. Though science was undoubtedly making great 
progress, technological progress did not rely directly on science. 
In many cases the technological developments of the nineteenth century 
occurred in ignorance of the scientific principles on which they were 
11 
12 
13 
For a discussion of the role of such institutes see, J. Ben-David 
(1972) "The Profession of Science and Its Powers", Minewa, vol. 10, 
no. 3, July, pp.353-7. J. Ben-David (1971) op cit., passim. 
J-J Salomon (1973) op cit., pp.9-13. 
See, for example, M. Mulkay (1977a) "Some Connections Between the 
Quantitative History of Science, the Social History of Science 
and the Sociology of Science, unpublished, p.6. 
Protests against scientific theories on metaphysical grounds did 
not cease however. For example, the Romantics argued that, 
"nature was the seat of virtue and Newton's laws were 
morally unedifying". C.C. Gillispie (1950) The Edge of 
Objeativity, Princeton University Press, Princeton, New 
Jersey, pp"^198-9; noted in Y. Ezrahi (1971) "The Political 
Pvesources of American Science", Science Studies, vol. 1, 
p.121. 
C. Babbage (1970) Rejections on the Decline of Science arr'd on 
Some o'^ izs Causes, A.M. Kelley, New York. (First published 
in 1830); noted in J-J. Salomon (1973) op. cit., p.21. 
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14 
based. Salomon notes that 
"The classic, though by no means the only, example is the 
steam engine, of which Watt had the first idea as early 
as 1765, which was perfected thanks to the use of high-
pressure steam in 1802 and led from 1825 onwards to the 
use of locomotives; whereas it was the middle of the 
century before the laws of thermodynamics, foreshadowed 
by Carnot in 1824, were completed and generalised by 
Clausius and Kelvin".^^ 
15 
Although there was a growth of "the scientific method" in 
experimentation with technology, it was nonetheless still 
largely empirically based, with little direction yet given 
by developments in scientific theory. 
J-J. Salomon (1973) op. cit., p.27. This same example is 
noted by Lindsay, who comnents, 
"How much of this development was owing to the science of 
heat? All the available evidence indicates that it was 
very little. This point of view is expressed emphatically 
by a writer on the history of the invention of the steam 
engine, Robert Stuart Meiklaham, In the preface to his 
book Dsscriptive History of the Steam Engine, of 1824, 
he wrote, 'We know not who gave currency to the phrase of the 
invention being one of the noblest gifts that science 
ever made to mankind. The fact is that science, or 
scientific men, never had anything to do in the matter. 
Indeed there is no machine or mechanism in which the 
little that theorists have done is more useless. It 
arose, was improved and perfected by working mechanics 
and by them only'". R.B. Lindsay (1963) The Role of 
Saienae in Civilisation, Harper and Row, New York, quoted 
in H. Braverman (1974) Labour and Monopoly Capital, 
Monthly Review Press, London and New York, pp.157-8. 
Lindsay further notes that this view is supported by the 
fact that at the time of the development of the steam 
engine, the caloric theory of heat predominated which 
could not made significant deductions about the properties 
of steam. H. Braverman (1974) op. cit., p.158. 
Bohme ei al. (1978) op. cit., p.234, provide the additional 
examples of early labour saving machinery (the loom), power 
engines (improved hydraulic motor) and metallurgy (cast iron), 
alf of which they argue developed without any contribution 
from science. 
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Rather than science contributing to the industrial revolution, it 
16 
was more the case that science benefited from the industrial revolution. 
At this stage, science still relied much more on technology than technology 
16 
"Science and technology did not only diverge in the development 
of apparatus and procedures; they also differed in their theo-
retical concepts ... Even though mechanistic theories were 
supposed to cover, at least 'in p r i n c i p i e t e c h n i c a l effects 
... it was either mathematically too complex or not worth its 
efforts to 'deduce' technical devices from mechanical theories 
[and hence] little contribution could be made to technological 
advance." G. Bohme et at. (1978) op. cit. , p.231. 
"Science and technology were not interdependent until late in 
the nineteenth century. Until then modern science did not 
contribute to the acceleration [of technology]". J. Habermas 
(1971) "Technology and Science as 'Ideology'" in Towards a 
Rational Society, Heinneman, London, p.99. 
It is not quite this straightforward however, for example, 
Hobsbawn^ comments, 
"The early industrial Revolution was technically rather 
primitive ... because, by and large, the application of 
simple ideas and devices, often of ideas available for 
centuries, often by no means expensive, could produce 
striking results. The novelty lay'not in the innovations, 
but in the readiness of practical men to put their minds 
to using t}ie scienoe and technology which had lona been 
available [my emphasis] and within reach", (p.44) 
(see footnote 5). 
He agrees, however that, 
"In the first phases of industrialism this [the role of 
science in technology] was, ..., small and secondary ... 
The greates technological triumphs and the archaic phase 
of industrialisation, the railway and the steamship were 
... pre-scientific or at any rate only semi-scientific 
..." (p.144). E.J. Hobsbawm (1968) Industry and Empire, 
Weidenfeld and Nicholson, London. 
See also P. Mathias (1972) "Who Unbound Prometheus, Science 
and Technical Change 1600-1900" in P. Mathias (ed.) Science 
and Society 1600-1900, Cambridge University Press, Cambridge, 
pp.54-80. 
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on s c i e n c e / ^ Science also lagged behind industry, in the sense that it 
was often developing explanations of phenomena which were by and large 
already in practical use. The thermodynamics example (the steam engine) 
illustrates this as do the study of magnetism which followed long after 
the use of magnetism for navigational purposes, and optical science which 
followed long after optical technology. 
The relationship between science and technology was so "loose" 
Bode argues, that 
"the times in which science flourished do not coincide with 
those during which technology was making most rapid progress. 
Uhen they did flourish together, they did not necessarily 
flourish in the same place. 
17 
"Scientific advance ... was repeatedly (though not regularly 
or systematically) influenced by pre-existing technology. 
There were balances and levers in antiquity before men 
derived laws from their behaviour. Gilbert's De Magnete, 
which initiated the fields of electricity and magnetism 
as subjects for systematic investigation, was heavily 
indebted to previous practical work on the mariner's 
compass. Torricelli's experimental disproof of the horror 
vacui was a by-product of efforts to understand the limited 
ability, long known to miners, of water pumps. (The first 
barometer was conceived as a long pump shaft with all leaks 
stopped to permit experimentation). Many of the data and 
more of the apparatus which permitted the assimilation of 
chemistry to the sciences in the seventeenth century 
derived from prior chemical crafts. In the nineteenth 
century, Carnot owed a major debt to designers of steam 
engines, and Darwin to practical stock breeders." 
T.S. Kuhn (1972) "Reflections on Ben-David's 'Scientific 
Role'", Minerva, vol. 10, no. 1, Jan., pp.176-7. 
H. Bode (1965) "Reflections on the Relation Between Science 
and Technology" in National Academy of Sciences, Basic Research 
and National Goals, Washington, p.46. 
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In this context, it is not surprising therefore, that neither the 
state nor the emerging industries of capitalist society were prepared 
to outlay much in the way of funds for scientific research. As a 
consequence, until well into the nineteenth century, scientists were 
a curious mixture of self-supporting amateurs, either full-time, if 
of independent means, or part-time, their research being financed 
through income derived from other employment, and scientists supported 
by patrons. A number of the latter were members of the 
aristocracy, acting as patrons for as much cultural, as practical, 
19 
reasons. 
Scientists continued to call on the state to support science 
because of its intrinsic worth. Pure science, it was argued, was as 
much a cultural contribution as artistic activities and equally entitled 
of state support free of any conditions. It was a call that was however, 
relatively ineffectual. Some small amount of state support was forth-20 
coming butin general, "the state supported research as a superfluity." 
By the 1860's, however, the practical significance of science was 
becoming clearer. Developments in Germany in particular, which seem 
to have been facilitated by the system of academic research which had 21 
developed in Germany, were followed in the late nineteenth century by 
increased recognition of the importance of improving scientific education 
19 
20 
See, for example, P. Weingart (1978) op. ait., pp.251-4, on royal 
support of the French Acad^mie des Sciences. 
J-J. Salomon (1973) op. oit., p.29. 
See J. Ben-David (1971) op. cit., pp.116-26. See also 
J Ben-David (1960) "Scientific Productivity and Academic 
Organisation in Nineteenth Century Medicine", Ameriaan 
Sooiological Review, vol. 25, no. 6, Dec., pp.828-43. 
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and by the establishment of research facilities within industrial 
enterprises. The development of industrial and military power was 
aided by the movement of scientists trained in the academic institutions 
into German industry and government research establishments, a factor 
which led to the reinforcement of the importance of science. 
Following Germany's rise in both economic and scientific importance 
the models of both academic science and of industrial research spread 
to much of Europe and the United States, albeit imperfectly. In the 
universities there was still resistance to this science, for example, 
in the U.S. where early attempts by scientists to establish German-
style laboratories in universities were resisted, and the advocates 
were more often than not admonished, for "forgetting" that the role of 
universities was the teaching of "the great fundamental truths of all 
22 
sciences" and not of practical knowledge. Even as pure scientists 
began to make inroads into academia, the prejudice against science that 
was orientated to practical purposes remained, the pure scientists more 
often than not siding with the classical academics against the intrusion of 
a more applied science. Some experimental work did already take place 
in universities but largely because it had come to be seen as a way of 
better understanding metaphysical truths and this had assisted the entry 23 
of science into universities. 
22 
See D.F. Noble (1977) America By Design, Alfred A. Knopf, 
New York, pp.24-5. 
23 
ihid. , pp.24-5. 
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Science was beginning to contribute to practical problems, a 
contribution that was being recognised by industrial capitalist enter-
prises in particular, although the practise of industrial research was 
often imperfectly understood. Braverman notes, for example, that in 
the United States, there was "imitation of manner rather than matter", 
in that United States corporate executives set up research laboratories 
but had almost no understanding of the relevance of fundamental research 
and the research remained dominated by a trial and error empiricism and 
2 5 
a very short-term orientation. Science was, nonetheless, becoming an 
24 
Some of the early technological contributions, in fact, came 
through the application in industry of analytic apparatus 
and procedures for testing materials and controlling processes, 
which had been developed by scientists for use in experiments, 
for example, for determining the purity of metals. When 
similar needs arose in industry such developments within 
science could be modified for industrial purposes. See 
G. Bohme et al. (1978) op. cit. , pp.228-34. It was however, 
according to Braverman, the impact on industry of advances 
in four fields - electricity, steel, coal/petroleum and the 
internal combustion engine, that most graphically made the 
point. He argues, 
"Scientific research along theoretical lines played enough 
of a role in these areas to demonstrate to the capitalist 
class, and especially to the giant corporate entities then 
coming into being as a result of the concentration and 
centralisation of capital, its importance as a means of 
furthering the accumulation of capital." H. Braverman 
(1974) op. oit. , p.159. 
Hobsbawtrv (1968) op. ait. argues that, 
"by the end of the nineteenth century it was already clear, 
especially from the experience of the German chemical industry 
which led the world, that the output of technological 
progress was a function of the input of scientifically 
qualified manpower equipment and money into systematic 
research projects." (p.145). 
2 5 
H. Braverman (1974) op. cit., pp.154-5. 
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activity of economic significance, in particular an activity which held 
the promise of generation of an invigorated process of accumulation of 
26 
capital through the application of improved processes and of new products. 
In particular, science offered much more than the existing unsystematic 
27 
empirically based process of development. While an increasing number 
of large companies began to undertake fundamental research in the early 
decades of this century, in particular those in the electrical and 28 
chemical industries, such research required increasingly expensive 
26 
The generation of new products was to assume greater significance 
as time passed, for as market saturation is reached, improvements 
in the productive processes can become less significant for 
capital accumulation than does expansion of the range of products. 
For a concise treatment of this argument see A. Gorz (1975) 
"Technology, Technicians and Class Struggle" in A. Gorz (ed.) 
The Division of Labour, Humanities Press, New Jersey, espec. 
pp.163-4. 
27 
Science offered the potential for accumulation that was beyond 
the scope of incremental technological changes 
"Technological progress exhausts itself in the slow 
perfecting of already known principles ... Only under 
dynamic social conditions do these limits constitute 
a challenge and generate a need for science." G. Bohme 
et at. (1978) op. ait. , p.236. 
The real power of modern science lay not in this (very 
important) ability to supply answers to externally posed 
problems, but in its ability to genevate its own questions. 
It was a knowledge system which was genuinely generative 
and not simply reactive. 
2 8 
These industries were the initiators of systematic industrial 
research which resulted in reduced reliance on incremental 
empirical innovations, and random discovery, while also leading 
to a situation where industry did not simply respond to (for 
example, utilise) scientific discoveries, but also became the 
site of many such discoveries. 
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equipment, and coupled with the fact that the return to private sponsorship 
of pure research was in any specific case, at the very best uncertain, 
there was increasing pressure put upon the state to assume the major 
financial responsibility for pure research. The turning point in the 
relationship between science and the state actually came, according to 
Salomon, with the development of the atomic bomb which demonstrated 
that the time lag between theoretical research and practical application 
could in fact be quite short particularly if someone was "prepared to 
29 
pay the price in men, money and logistics". He argues that the 
successes of the Manhattan Project had an effect over all fields of 
scientific research as it induced the state to take a greater interest 
in fundamental research. The reason for such interest was clearly not 
because of a sudden belief that pure science was culturally more 
important, but because of the promise of rapid problem solution, rapid 
application. Salomon comments, 
"By a sort of collective expression of faith, scientific 
activities were suddenly proclaimed a major investment 
which no modern society could afford to forego: good in 
itself, if not better than anything else, capable in any 
event of directly changing the balance of power between 
nations, and of contributing, more or less to the 
attainment of targets of economic growth."^o 
This was certainly quite a change from the situation which had previously 
existed, for example, in the United States, where it had taken a 
scientist of the reputation of Albert Einstein to give atomic scientists 
access to upper political levels. (It was Einstein who, somewhat 
reluctantly, used his reputation to assert to Roosevelt the political 
importance of the scientific opinion that an atomic bomb was possible). 
^^ J-J. Salomon (1973) op. ait., p.47. 
30 
ibid., p.oO. 
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One must beware however, arguing that the involvement of the 
state, in a big way, in scientific research, had come about heoause of 
such occurrences as the Manhattan Project's success. Certainly such 
success made politicians more receptive to scientists' advances, but 
bearing in mind the growing importance of scientific research as an 
economic activity, it is inevitable that state involvement would have 
increased anyway, as part of the intervention of the state in capitalist 
31 
economies. The state will intervene both in the interests of various 
sections within capital, as well as in a more integrative role (what is 
generally described as being in the national interest). In practice 
of course, most of the interventions in the interest of the former will 
be seen as the latter because of the equation of e.g. "a healthy business 
sector" with a healthy society. That is, such inventions will not be 
seen as illegitimate. 
31 
The role of the state in the development of capitalism is not 
the subject of this thesis, however it is recognised that 
definition of the state's role as the pursuit of "the national 
interest", "the public good", etc. is simply to present a 
tautology as explanation. Because the state intervenes, that 
action is therefore nominally in the national interest because 
the state is defined as acting in the national interest. 
This tells us nothing however about the nature of this 
"national interest" or what amounts to the same thing, it 
provides no independent measure of national interest. 
Unfortunately recent writings on the role of the state, 
for example, J. Holloway and S. Picciotto(1976) "A Note on 
the Theory of the State", Bulletin of the Conference of 
Socialist Economists, vol. 5, no. 2, Oct., pp.1-9; 
N. Poulantzas (1975) Political Power and Social Classes, 
N.L.B., London; N. Poulantzas (1976) Classes in Contemporary 
Capitalism, N.L.B., London; B. Fine and L. Harris (1976) 
"State Expenditure in Advanced Capitalism: A Critique", 
l^ew Left Review, no. 98, July-August, pp.97-112; give no 
particular attention to the role of science. 
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The integrat ive/regulatory role of the state with respect to 
science ex i s t s because of the i n a b i l i t y of the private sector alone to 
undertake research and development at what i s conceptually known as a 
s o c i a l l y optimal leve l . This may occur because of 
( i ) The i n a b i l i t y of the researcher to appropriate much of the 
social gain from the research and development. This may be 
espec ia l ly true of pure research where the returns to any 
one firm may be neg l i g ib le . Pure research i s not s t r i c t l y 
a public good however as ab i l i t y to u t i l i s e knowledge in 
practical form i s restr icted in many cases to certain 
companies because of the nature of the knowledge. 
( i i ) The appropriation by the researcher of the product of research 
and development (R&D). By undertaking R&D with the exp l i c i t 
intention of handing i t over to private enterprise, the state 
may encourage a higher rate of d i f fu s ion of the result ing 
technology than would be the case were the research undertaken 
by a private company which would have reasons, for example, 
the maintenance of competitive advantage, for preventing such 
a d i f fu s i on . 
( i i i ) A threshold effect; an economy may become tied to a part icular 
pattern of research and development favouring certain 
establ ished industr ies and the establishment of prof itable 
a l ternat ive a c t i v i t i e s may require the overcoming of a 
threshold which i f overcome would lead to greater economic 
ef f ic iency. 
( i v ) The advantage of co l lec t i ve research over scattered individual 
research e f fo r t s . 
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(v) Uncertainty may lead to below socially optimal research and 
development and/or research and development below that optimal 
for firms. 
(vi) Underestimation of gains may lead to underinvestment in 
research and development. 
(vii) The dominance of the logic of the average return; where the 
successful researcher is able to claim the results in some 
manner as his property, the relevant return is the average 
return rather than the marginal return (i.e. it is irrelevant 
how many other researchers are working in the same area, 
the successful researcher gets the spoils). Therefore from 
a social efficiency point of view, too many resources may be 
attracted to the areas of highest potential average profit 
since this is the most economically logical field, certeris 
3 2 , 3 3 
paribus, for an individual research firm to be in. 
32 
33 
For further details of these arguments see C.A. Tisdell (1978) 
"Research and Development Services" in K.A. Tucker (ed.) 
Economics of the Australian Service Sector, Croon Helm, London, 
pp.243-62, and C.A. Tisdell (1971) "Commonwealth Industrial 
Research and Development Grants - An Economic Evaluation", 
Economic Analysis and Policy, vol. 2, no. 2, Sept., pp.2-50. 
While this normally will refer to economic returns, this logic 
may also be applied to the "kudos" received by scientists, 
which may encourage research in those fields considered 
scientifically prestigious, at the expense of less glamourous 
fields. For a development of this particular argument, see 
Chapter 3, pp.75-6. 
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Since World War II, research and development expenditure in most 
countries has rocketed, exceeding by many times the growth in G.N.P., 
34 
and most of this expenditure has been that of the state. Accompanying 
this growth in expenditure has been a growth in science policy reflecting 
35 
both the greatly increasing financial commitment by the state and 
the increasing importance of scientific research. Knudsen comments, 
"As Clemenceau has said 'War is too important to be left 
to the generals'. A similar evaluation no doubt holds for 
research policy and the scientists, 
The knowledge that some extremely pure research eventually and 
37 
unexpectedly pays off in terms of practical applications gives a prag-
matic basis to the funding of pure research (that is, in the knowledge 
See J-J. Salomon (1973) op. ait., p.xix. 
^^ J. Ronayne (1976) "The Uneasy Alliance: Science and Politics in 
Australia", Search, vol. 7, no. 3, March, p.86. 
"In many ways the role of governments as patrons of science 
has been overtaken by their role as investors, and like all 
investors, they expect a return. Scientific research, 
therefore has become a sub-system of the overall economic 
system, and as such is exposed to the bureaucratic ethos of 
accountability, productivity, efficiency and maximisation." 
M. Hulkay (1976b) "The Mediating Kole of the Scientific Elite" 
Social Studies of Scie^^e, vol. 6, pp.445-70, makes the same 
point when he says, 
"Indeed in recent years there has been an increasing 
concern in official circles to regulate research so as 
to ensure practical benefits are forthcoming as quickly 
as possible." (p.457). 
^^ J. Knudsen (1969) "Science and Welfare" in L. Dencik (ed.) 
Scientific Research and Politics, Studentlitteratur, Lund, 
Sweden, p.133. 
^^ The application may not be expected by scientists as much as 
by non-scientists. Rutherford believed, for example, that the 
splitting of the atom was not of the least significance in the 
search for new sources of power, ref. J-J. Salomon (1973) 
op. cit. , p.80. 
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that some of it will pay off). This century, science has shown that it 
can "produce the growth" to the extent that the distinction between pure 
research from which it is hoped practical results will accrue, and 
applied research, is often very small. The following extract from 
Salomon illustrates this point. 
"When Du Pont called in Carother and gave him the means of 
conducting his work on polymers freely and without any time 
limit there was nevertheless a presumption that the result 
of this pure research would one day lead to an application 
relevant to the company's traditional product; similarly, 
the choice made by Bell Laboratories in endowing with 
immense resources the research of Shockley and his colleagues 
on solid state physics was far from being irrelevant to 
their field; just as nylon originated from a chemical 
industry which already had experience of man-made textiles, 
the transistor was perfected by an industry specialising 
in telecommunications" 
However in some pure research the utilitarian motive is very difficult 
to find, for example, in the study of extra-galactic systems or even 
in high energy physics (although of course no research can a priori 
be said to not ever yeild any practical results). It is the state 
which supports such research, research that is, in Weisskopf's terms, 
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"frontier" science rather than "obviously applicable" science. 
3 8 
J-J. Salomon (1973) op. ait., p.51. This example is interesting 
in another way. It is illustrative of the way theoretical pre-
dictions have led to experimental activity which would not have 
otherwise, in all likelihood, have been undertaken. Transistors 
and other semi-conductors require a chemical impurity of no 
more than a few millionths of a percentage point, but such 
purity is not found in nature nor created by ordinary refining. 
Only because it was theoretically shown that such purity would 
provide a special performance was the task undertaken to find 
out ways to provide such purity. See H. Bode (1965) op. cit., 
p.57. 
^^ V F Weisskopf (1968) "Is Pure Science Doomed to Decline in the 
u's?", Scientific American, vol. 218, no. 3, March, pp.139-44, 
noted in J-J. Salomon (1973) op. cit., pp.79-80. 
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In response to the question "why does the state support such research?" 
it is not satisfactory to answer simply that such research has a cultural 
value, for so do many other activities nowhere near as well funded by 
the state. Rather it is more to the point that such research is funded 
because it is part of the most fundamental form of knowledge in modern 
societies. It is the scientific knowledge system which is applied to 
the perceived problems that present themselves; in particular it is 
science that meets the needs of the economic system (and not, for 
example, magical knowledge or theological knowledge). 
On these grounds therefore, modern science should in fact be 
compared with magical knowledge in primitive societies and theological 
knowledge in feudal societies, in terms of its significance and 
centrality to the society. Both magical knowledge and theological 
knowledge are able to "explain" the necessity for order in relatively 
static forms of society. Modern science on the other hand is notable 
for its lack of closure; for its essentially dialectic quality which 
is congruent with the dynamic nature of capitalist societies. Because 
it fulfills this fundamental role in modern societies it is therefore 
not necessary to look for immediate pragmatic reasons for its support 
in all cases. At the same time however, to simply explain the support 
for a science as being due to its "cultural value" is not to do justice 
to the significance of this "value". 
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Conciusion: 
In this section it has been argued that the notion of "utility" 
is essentially part of the epistemological basis of modern science and 
that therefore the development of science as "useful knowledge" is 
inherent in modern science itself. However this is not to say that 
all science is in any sense immediately pragmatic and indeed the 
history of the incorporation of modern science into society illustrates 
clearly both that "utility" is by no means ipso faoto sufficient basis 
for its immediate adoption and that it was a matter of centuries before 
the epistemological promise was fulfilled to the extent that science 
became established as a substantial form of economic activity. Through 
its apparent success at generating explanations of the world that lend 
themselves to adjustments of the material v;orld, it has become 
established as the knowledge system of existing modern societies. In 
the following section, the relationship between science and the political/ 
economic realm is looked at from a different perspective, specifically, 
through attending to the question of what effect the political/economic 
realm has on science, a matter which if important, is an important 
complement to the discussion presented so far, where such a possibility 
has remained, at best, implicit. 
SECTION 2: POLITICAL/ECONOMIC INFLUENCES ON SCIENCE - LEVELS OF EFFECT 
Given that this thesis has proceeded on the basis of a broad 
conceptualisation of "science", it follows therefore, that if one is 
to discuss political/economic influences on science, then one is faced 
with encompassing a wide range of activities, with the consequent 
40 
See Chapter 1. 
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prospect of the influence being manifest on a number of different 
"levels", by which is meant that it is necessary to disassemble the 
notion of a generic political/economic effect on science. 
Although not explicitly described as such, a number of levels of 
effect were in fact suggested in the previous section. The first level 
is perhaps better described as the suggestion of the possibility of an 
effect rather than a specific effect as such. That level is the 
application of the results of scientific veseavch by the political/ 
economic realm. The promise of application was seen as inherent in the 
very philosophical nature of modern science wherein knowledge of nature 
and mastery of nature were seen as essentially indistinguishable, 
although the practical manifestation of this promise largely had to 
wait till the latter decades of the nineteenth century for its full 
realisation. With "contribution" came "interest" and with "interest" 
came involvement by both the state and the private sector with the 
mutual exclusivity of the research they undertook being increasingly 
in doubt with, in particular, a significant amount of state funded 
research finding application in private industry. Scientific research 
became an increasingly expensive undertaking, due in no small part to 
the increasingly expensive instruments necessary in some research fields. 
(A large particle accelerator, for example, costs tens of millions to 
build and millions per year to run). This is indicative of a second 
level of effect; influence on the rate of scientific development. This 
is not to say that non-funding of certain research will stop the 
development of science, but that the rate of progress, in certain fields 
at least, may be seriously affected. For research that aims at producing 
some technological hardware this may be considered to be almost self-
evident; for conceptual development on the other hand, the matter is 
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more complex. In the latter case, the argument must rely on a logical 
argument rather than on empirical evidence because it is simply not 
possible to produce as evidence, for example, "item of knowledge X" 
which may not have been yet discovered if funding for a new particle 
accelerator had not been available. One can never know for certain 
that "X" would not have been discovered then anyway, but one can argue 
that if the accelerator was a vital part of the research then without 
it, the phenomenon leading to recognition of "X" would probably not 
have been seen. 
41 
The third level of effect is influence on research orientations. 
That is, the political/economic realm can determine what a large number 
of researchers are to "work towards". Although this naturally can 
be very subtly provided by the political/economic realm via socially 
dominant conceptions of "worthwhi1eness", it is more obvious in the 
form of mission-orientated research, such as the safe landing of man 
on the moon and the safe return of the same to Earth. Where funding is 
provided for such missions, that funding is in effect being provided 
for the development of certain branches of science, specifically those 
branches which are of relevance to the objective of the mission. 
Pol itical/Economic Influence on Technological Development: 
Influence on the technologies which develop constitutes a fourth 
level of effect. It is likely that a specific scientific finding suggests 
certain technological applications as potential applied developments of 
the findings, and of course, a lot of scientific research is undertaken 
A research orientation is defined to be that general phenomenon, 
scientific or non-scientific, that may be incorporated into 
scientific activity as a focus for research activity. 
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to supply answers to technological problems. The key point here, however, 
is that even where the application is not predetermined, certain techno-
logies rather than others will be developed and that the decision at this 
level cannot be made on purely scientific grounds. For example, 
Johnston and Jagtenberg note how the development of photovoltaic cells 
took a new orientation in the early nineteen-sixties, as it changed from 
being a technology that was terrestrially-orientated to one that was 
space-orientated. The resulting photovoltaic cells were qualitatively 
different from those required for terrestrial application, due to both 
the distinct conditions under which they would have to operate and also 
the relative unimportance of cost. 
Similarly, under scrutiny, the form in which both radio and 
television developed can be seen to have been heavily influenced by 
political/economic factors. Both were developed for transmission to 
individual homes although there was nothing in their technology that 
42 
It is of course very difficult in retrospect to say just what 
the options were in regard to the development of a technology. 
Time tends to make "what was" into "what was natural", or at 
least, into "what was natural at the time". 
1+3 
R. Johnston and T. Jagtenberg (1977) "Goal Direction of 
Scientific Research". Paper prepared for the I.S.A. Research 
Committee Conference on Sociology of Science, Budapest, 
Hungary, Sept. , pp.24-5. 
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made this inevitable. Rather the form their development took was 
heavily influenced by the growth in the early twentieth century of the 
household market for consumer goods, which made the development of 
domestic appliances of increasing economic importance. In the mid-1920's 
considerable funding was allocated to the development specifically of 
small domestic receivers despite the fact that it was by no means clear 
exactly what the function of the radio was going to be. 
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''We have now become used to a situation in which broadcasting 
is a major social institution, about which there is always 
controversy but which, in its familiar form, seems to have 
been predestined by the technology. This predestination, 
however, when closely examined proves to be no more than a 
set of particular social decisions, in particular which were 
then so widely, if imperfectly ratified, that it is now 
difficult to see them as decisions rather than as (retro-
spectively) inevitable results." R. Williams (1974) 
Television: Technology and Cultural Form, Fontana/Col1ins, 
London, p.23. 
Dickson makes the same point with respect to the telephone. 
"The telephone system, for example, makes long-distance 
conversation possible between two individuals. As our 
present telephone system is organised however, it excludes 
the possibility of group discussion without elaborate prior 
arrangements being made with the Post Office. The technical 
aspect of implementing this are, I have been assured, 
relatively simple. Yet the system was designed primarily 
two-way conversation - the dominant mode of communication for 
within an individualistic society - rather than group discussion." 
D. Dickson (1974b) "Technology and the Construction of 
Social Reality", Radical Science Journal, no. 1, p.33. 
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"Unlike all previous communication technologies, radio and 
T.V. were systems primarily devised for transmission and 
reception as abstract processes, with little or no definition 
of preceding content. When the question of content was 
raised, it was resolved in the main parasitically. There 
were state occasions, public sporting events, theatres and 
so on, which could be communicatively distributed by these 
new technical means. It is not only that the supply of 
broadcasting facilities preceded the demand; it is that the 
means of communication preceded their content". R. Williams 
(1974) op. cit. , p.25. 
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What these examples suggest is that the development of a technology 
is by no means an unproblematic exercise. Certainly technologies come 
from scientific discoveries or from empirical evolution and/or experimenta-
tion but this in itself does not determine the nature of their development, 
Technologies do not suddenly exist as complete entities - they may be 
present for a long period as technologies in potential. "Need" may make 
the technology manifest, but not necessarily be the "raison d'etre" for 
the technology. There is thus the problem of time - the problem that 
exists because of the existence of a technology in potential. Because 
of this v/e can ask, why do technologies "appear" when they do? 
As well as this, there is, what may be described as the problem of 
form. Firstly, can one establish that Discovery A led to Technology B? 
To establish this, it is not sufficient to show that B required A. It 
must be shown also that A 1ed to B and could not have led to technologies 
C, D, or E, etc. Unless this can be done, one must ask why it was B 
that was developed. Secondly, how "fixed" is the form that the technology 
must take. In the case of a nuclear reactor, for example, it presently 
makes little sense to talk of a household reactor; in the case of 
telephone technology, a number of options are available. 
The problems of time and form suggest the notion of 
"technology in abeyance". 
Technology in abeyance can operate at three levels. 
1. Where a technology is potentially available, but where it is not 
realised in practical form because of its "irrelevance" in the 
existing social structure. For example, the ability of 
steam to act as a form of power was known in ancient Greece, 
but given the existence of the slave economy (cheap labour 
power) it was not perceived to be of importance. Electric 
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telegraphy was suggested in the 1750's and was actually 
demonstrated in the early eighteenth century, but aroused 
little interest until the development of the railways 
spawned the need for improved telegraphy/^ 
2. The non-development of a technological option in favour 
of another. That is, a technology may develop in a number 
of different forms; specific forms may be developed rather 
than others. Those that are not developed (perhaps 
relatively) are in effect in abeyance. 
3. A developed technology is not made available. That is a 
technology is "available" in the sense of its having been 
developed, however though developed, it is not available 
for use. The technology is, in effect, suppressed.**^ 
The problemsof time and form, and the notion of technology in 
abeyance run counter to the conceptualisation of technologies as neutral 
in the sense of their existence being due simply to their being 
"discovered". Another interpretation of neutrality exists however. 
it6 
It 7 
R. Williams (1974) op. ait., p. 15. 
For a discussion of instances of this form of technology in 
abeyance, see Appendix A. In particular it is important to 
note that the term "suppression" refers to an effect and not 
to a consciously motivated act, although the latter may well 
in some cases be part of the process by which the effect is 
deri ved. 
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that which sees the non-technical consequences of a technology as 
dependent on its u s e / ® 
Technologies cannot be said to be "purely technique" without 
applying the grossest reification to the term that denudes technology 
of any human content, the human factor entering only in the context 
of application. It is clear however that application of a technology 
means that the way people interact is affected by the very nature of the 
technology; that this effect cannot simply be dismissed as consequent, 
or in some other way less fundamental than "what the technology actually 
does". Clearly the use/abuse metaphor has specific limitations. It 
essentially supports the idea of "neutral technology" because the effect 
on social relations is associated with the use of a technology (in much 
48 
There is a whole level of discourse that I shall not be entering 
into that could be relevant here, and that is the consideration 
of the hegemonic role of technological logic as a complete form 
of logic; as a way of interacting with nature. Weber points to 
the growth of "instrumental rationality" and the dismissal of 
"value rationality" as rationality. Ellul argues that "technics" 
has become its own "raison d'etre", that 
"If a desired result is stipulated, there is no choice 
between technical means and non-technical means based on 
imagination, individual qualities or tradition". (1965, p.84) 
Marcuse sees the growth of technological rationality as the 
basis of a new form of domination, technological domination, 
"methodological, scientific calculated, calculating control" 
(1968, p.223). His position is very ambiguous however, he 
refers to technology as both "always a historical-social 
project". (1978, p.223) as well as a logic of dominance that 
should be supplanted by symbolic interaction in distinction 
to purposive rational action (see Habermas, p.88). 
The sources referred to are: 
M. Weber (1968) Economy and Society, Bedminster Press, New York. 
J. Ellul (1965) The Technological Society, Jonathan Cape, London. 
H. Marcuse (1968) "Industrialisation and Capitalism in the Work 
of Max Weber" in Negations: Essays in Critical Theory, Beacon 
Press, Boston. J. Habermas (1971) op. cit. See also, S. Cotgrove 
(1975) "Discussion Paper", Social Studies of Science, vol. 5, 
pp.55-78. 
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the way that with respect to chemical processes we talk of by-products 
of a process, part of the process, yet not part of); there is no 
recognition of the potential for constraints on social relations being 
inherent in a technology. For example, one does not have to use (or 
abuse) an assembly line in a particular way for it to have a fairly 
consistent effect on how workers on an assembly line interact. Using 
the telephone example again, the telephone system prevents group 
49 
discussions; it is not a matter of the system being used or abused. 
It is likely also, that technological choice is affected by the 
implications of the technology on social relations. Marglin argues 
that the development of centralised organisations as manifest in the 
factory became established not because of inherent technical superiority 
but because of the discipline and supervision that such a technology 
50 
involved. Dickson notes that when factories developed (in the 
4 9 
The generic technology does not prevent group discussions, but 
the technology as developed as a specific form, does. 
S.A. Marglin (1976) "What Do Bosses Do" in A. Gorz (ed.) The 
Division of Labour, Humanities Press, New Jersey, pp.29-30. 
In a similar vein Dickson (1974a) op. cit., argues, 
"Although the increasing efficiency of the production process 
may be required by a capitalist society in order to ensure 
its economic survival, and this in itself can be one determining 
factor in technological innovation, at the same time innovation 
has become an important means of attempting to ensure its 
political survival too", (p.181); 
and that 
"the means of production of industrialised societies since 
the Industrial Revolution have to a greater extent become a 
reflection of the relations of production under which they 
were primarily carried out, the authoritarian and hierarchical 
class relations of industrial capitalism ... technological 
innovation was determined not only by concern for the 
efficiency of production technology but also by the 
requirements of a technology that maintained authoritarian 
forms of discipline, hierarchical regimentation and 
fragmentation of the labour force", (p.64) 
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eighteenth century) that they were initially less technically efficient 
than the system they replaced, while control by merchants over the 
production process greatly increased. He notes that many of the 
machines on which the technical superiority of the factory was based, 
in fact post-dated the introduction of the factory system of organising 
51 
work. That such disjunctures between control and efficiency sometimes 
occur, should be read as typical however. Often the interests of 
accumulation or capital (efficiency, being ultimately a financial matter 
in such cases) and hierarchical social relations go hand in hand. 
Hierarchical social relations are however, only a surrogate for control, 
hence they are not inviolate. They are simply a means to an end. (Also, 
as the examples given illustrate, the disjuncture was only temporary). 
Given that technologies involve social relations, an important 
question is then raised is whether the technologies developed in a 
52 
particular mode of production, are supportive of that mode? It is 
51 
D. Dickson (1974a) op. cit., pp.73-5. 
52 
Dickson could be said to argue this when he says, 
"one can only explain the nature of the technology developed 
by a capitalist society by relating it to the patterns of 
production, consumption and indeed social activity in general, 
that maintain the interests of a dominant section of that 
society. This is achieved through hierarchical patterns of 
social organisation making possible authoritarian forms of 
social control. These modes of organisation and control, 
..., become incorporated into the technology that capital 
develops". D. Dickson (1974b) op. cit., p.30. 
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the question that is posed when Cutler et al. ask 
"Are not these techniques and this organisation specifically 
capitalist forms?"^^ 
The majority of critical studies of technology have focused on the 
work-place^'' where the desirability of improved control has been explicitly 
noted by those involved in the introduction of major new technologies 
affecting the organisation of work activity. And because of the emphasis 
on this context, such an assertion has seemed "reasonable". This propo-
sition does not seem so obvious if one focuses more broadly to include 
non-work technologies such as those which supply the power needs of a 
society. The error is not however in this narrow focus, it is in the 
failure to confront the question of whether or not such an outcome 
(technologies supporting the productive relations) is structurally 
determined. 
Certainly technological development has a political dimension, but 
does not need to imply politically determined? Capitalism may well 
fetter the development of the productive forces; but to fetter does not 
mean to determine in every instance the outcome. To argue that it did, 
5 3 
A. Cutler, B. Hindess, P. Hirst and A. Hussain (1977) Marx's 
'Capital' and Capitalism Today, Routledge and Kegan Paul, 
London, p.149. 
See, for example, R.C. Edwards (1972) "Bureaucratic Organisation 
in the Capitalism Firm" in R.C. Edwards, M. Reich and T. Weisskopf 
The Capitalist System, Prentice-Hall, New Jersey, pp.115-9-, 
H. Braverman (1974) op. cit. 
With regard to the development of the factory see S.A. Marglin 
(1976) op. cit., of the assembly line, see P. Fridenson (1978) 
"The Coming of the Assembly Line to Europe" in W. Krohn et al. 
(eds.) op. cit., pp.159-75, and of Taylorism, see S. Clegg 
(1978) "Towards a Reconceptualisation of Organisations as a 
Total Power Phenomenon: An Essay in Social Theory". Paper 
Presented at S.A.A.N.Z., University of Queensland, Brisbane, 
May 18-21, espec. pp.40-1. 
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would be to argue that the relations of capitalism as a system need to 
be reflected at the level of every technology developed under capitalism. 
It would, in effect, deny any notion of qualitative change - of outcomes 
being affected by conflict at the political level - for example, it 
would deny that class struggle can win concessions.^^ 
What this line of argument tends to do also, is to ignore the role 
of technologies as "commodities". This problem comes about because of 
a concentration on the sphere of consumption, when in fact the whole 
cycle of production and consumption needs to be considered; in particular 
the existence of production for exchange value rather than use value. 
This does not mean of course that the commodity has no use value, nor 
that it was produced in ignorance of its application, but it does mean 
that the exchange value of the product is the fundamental reason for 
the production of the product. This can be reason enough for the 
production of a commodity, independent of consideration of social 
relations involved in its use. Of course where specific relations, for 
example, of dependence, are important for the accumulation of capital. 
5 5 
Also, the basic relation of production - the wage-labour nexus -
is reproduced in the very process of production. 
"It is no longer a mere accident, that the capitalist and 
labourer confront each other in the market as buyer and 
seller. It is the process itself that incessantly hurls 
back the labourer on the market as a vendor of his 
labour-power". K. Marx (1971) Capital, vol. I. Progress 
Publishers, Moscow, pp.541-2. 
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then there i s c lear l y less incentive for those concerned to develop and 
introduce commodities which a l te r these re lat ions.^^ 
Pol it ical/Economic Influences on Cognitive Levels: 
Up to now the levels of influence have not dealt s pec i f i c a l l y with 
the cognit ive leve l s of science, that i s , they have not dealt with the 
question of the effect of polit ical/economic factors on the structure 
and content of theoretical knowledge which i s produced. This ef fect , 
which was not suggested in Section 1 of th is chapter, i s the focal point 
of the rest of th i s section. 
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The error of seeing c ap i t a l i s t re lat ions of production manifest 
in every technology developed by capital i sm can be i l l u s t ra ted 
by the fol lowing example. 
Q. Which technology i s more congruent with cap i t a l i s t social 
re lat ions - the car/private transport or public transport? 
A. Public t ransport, because the individual has no control over 
the course taken by, and destination of , the bus. Moreover 
i t i s e spec ia l l y programmed to take people to and from work 
and to and from places where commodities may be purchased 
(e.g. shopping centres). I t i s idea l ly suited to the smooth 
running of both the production (the former example) and the 
consumption (the la t ter example) cycles. The car on the 
other hand, can go where the driver wishes within certain 
l imi tat ions (for example, private property and absence of 
roads). 
Why then i s public transport so re la t i ve ly poorly organised and 
the private car so prevalent in modern cap i t a l i s t soc iet ies ? 
The contradict ion i s i l l u s o r y ; i t ex i s t s only i f one sees the 
social re lat ions of production manifest at the surface in al l 
technologies. I t leads to the sort of log ic presented in th i s 
example. Cars certa in ly make people more independent regarding 
where to go, but they become at the same time consumers of the 
car, petro l , rubber, that i s , of commodities. The dominance of 
the private car i s expl icable but only within th i s broader log ic . 
- 45 -
It may be asserted that political/economic factors are influential 
in determining which, from a myriad of potential research fields become 
viable research fields, as indicated in level three. It is important to 
make clear just what this is intended to imply. It could be argued that 
such influence merely determines the field through which theory is 
developed. To argue thus would be to hold to what may be termed a hermit 
crab model of scientific development. In such a model, scientific 
knowledge is the crab, which cannot develop (survive) without research 
(a shell) but as long as there is a shell, its specific characteristics 
are not important. This presumes a model of scientific knowledge in 
which the body of knowledge is (i) finite, and (ii) fated to be discovered 
through a logical progression of theoretical development. Clearly there 
are alternative ways to discover the same specific "knowledge" - science 
is not that closely prescribed - but also, emphasising certain fields of 
research rather than others, does not mean that the same specific 
"knowledge" will be discovered. The official history of science however, 
tends to emphasise theoretical development as a cumulative process -
which to a large extent it is - in such a way that "what was discovered 
next" is seen as the "natural" development of "what had come before". 
All we really know,however, is that it followed in terms of a historical 
time but this is interpreted, ex post facto as natural in terms of a 
"theoretical time" (in the sense of being the "logical next step"). 
Attention to problems involved in the development of transistors led to 
the discovery of properties, and formulation of laws, with respect to 
semi-conductors. Simi1arly,problems involved in the construction of 
supersonic aircraft and intercontinental missiles resulted in the 
development of theories in respect of the behaviour of solids in 
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space. Were it not for these problems that needed resolution, it is 
by no means clear when "internal" theoretical concerns would have thrown 
58 
up these matters for theoretical resolution. Political/economic factors 
may therefore be said to influence the objects of which theory develops-, 
this constitutes the fifth level of effect. 
In some cases, attention to such problems has been followed by the 
development of a theoretically distinct field. Such an example is that 
of agricultural chemistry, which developed out of the application of 
chemistry to agriculture and physiology, and in respect of which Krohn 
and Shafer note, 
"It was not in order to find an answer to the 'internal' 
question of plant nutrition, but rather to solve 'external' 
problems of human nutrition that chemistry was applied to 
agriculture and physiology".^^ 
60 
Johnston and Jagtenberg note that tribology (the science of interacting 
surfaces in relative motion) developed out of an explicit attempt to 
deal with the qualitatively new problems that arose in machine technology 
in the post World War II period, which were manifest in the form of 
increasing breakdowns and failure of machinery. The crucial factor in 
^^ H. Skolimowski (1966) "The Structure of Thinking in Technology", 
Technology and Culture, vol. 7, no. 3, Summer, pp.373-4. 
58 
In fact, Skolimowski argues that, 
"if it were not for the sake of solving some scientific 
technological problems, many properties of physical bodies 
never would have been examined, and many theories incorporated 
afterwards into the body of pure science never would have 
been formulated." ibid, p.373. 
5 9 
W. Krohn and W. Shafer (1976) "The Origins and Structure of 
60 
Agricultural Chemistry" in G. Lemaine et al. , op. oit. , p.29. 
R. Johnston and T. Jagtenberg (1977) op. cit. , pp.131-6. 
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the emergence of tribology, they argue, was the generous support it 
61 
received from the government. In most cases the political/economic 
62 
involvement is however, not so explicit, for example, in the illustra-
63 
tion provided by the development of tropical medicine. Worboys 
documents the development of tropical medicine as a distinct specialty 
and deduces that the impetus for its development came from the need to 
find a cheap solution to the problem of disease in tropical colonies 
which was preventing more extensive exploitation of the colonies. A 
further example is provided by Lemaine et at. who note that Pasteur's 
work on fermentation of beer and on silkworms, 
"in the course of which he began to develop his germ theory 
of disease and to lay the foundation for the discipline of 
bacteriology was a direct response to the needs of French 
industry.®^ 
61 
ibid. , p.14. 
62 
"It seems obvious that the emergence of specialties such as 
chemical engineering, agricultural chemistry, textile science 
and colour chemistry must be explained, at least in part, 
in terms of the theoretical and manpower requirements of the 
chemical, agricultural, textile and dyestuff industries 
respectively ... The selection of these examples to illustrate 
the argument does not preclude the possibility of significant 
influences on the less immediately industrial-related sciences. 
R. Johnston and D. Robbins (1977) "The Development of 
Specialities in Industrialised Science", Sociological Review, 
vol. 25, no. 1, espec. pp.90-1, 
^^ M. Worboys (1976) "The Emergence of Tropical Medicine" in 
G. Lemaine et al., op. cit. , pp.75-98. 
G. Lemaine et al. (1976) "Introduction" in G. Lemaine et al., 
op. cit. , p.11. 
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These examples suggest the possibility of a sixth level of effect, 
the develoTpment of discrete theoretical fields. There are however a 
number of key points which need to be clarified before this suggestion 
can be more than tentative. Firstly, while it may be argued that 
political/economic influences can affect the objects of which theory 
is developed, it is not clear that any clear purpose is served by this 
involving also the formation of a discrete theoretical field. Secondly, 
it may be the case that political/economic influences lead to attention 
to particular matters which in turn lead to cognitive developments of 
such a nature that a new field is formed. This cognitive based explana-
tion is of course just as tentative, as it requires some explanation of 
why, for example, cognitive development cannot be incorporated within 
existing research fields. This latter issue is looked at in some detail 
65 
in Chapter 3. At this stage all that can be said is that the formation 
of discrete scientific fields has occurred following the attention in 
research to specific objects of political/economic interest, hence 
presenting as a proposition for further investigation, that some research 
fields may emerge as discrete research fields because of the extent of 
the resources applied to the objects central to the new field. The 
significance of "institutional" and of "cognitive" factors in the 
66 
development of new fields is also further investigated in Chapter 3. 
65 
See, espec. pp.87-91 
66 
See, espec. pp.91-5. 
- 49 -
To conclude this investigation of political/economic effects on 
science, the possibility of a seventh level of effect is investigated, 
specifically the possibility that political/economic factors affect 
the very concepts and theories of science. It seems quite reasonable 
to argue that the specific semantics used in science (i.e. to 'express' 
theory) are influenced by dominant modes of conceptualisation in a 
society at a particular time; that 
"the habits of thought of the social superstructure preforni 
the patterns in which empirical knowledge is expressed". 
They conclude however, that although semantics may differ (i.e. due to 
the different semantic milieux in which specific scientists live), that 
the result is essentially the same theory. This conclusion does not 
recognise, however, the possibility of different conceptualisations of 
the same phenomenon, for example, the wave model of light as opposed to 
the particle model of light. No-one would suggest that although these 
models are different, that either of them is unscientific. Clearly 
certain non-equivalent conceptualisations are possible without implying 
the necessary labelling of all but one conceptualisation as unscientific. 
What presents a more difficult issue to deal with is the question 
of whether such theoretical knowledge is patterned along consistent 
lines such that the political/economic context consistently pervades the 
most fundamental level of theory itself. Taken to its logical limit 
this can lead to the position that scientific theory is class specific, 
an argument that I shall now try to evaluate. Unfortunately discussion 
in this area is consistently under the cloud of the often quoted "Lysenko 
67 
W. Krohn and W. Shafer (1976) op. cit. , p.28. 
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68 
affair" which is seen as the classic example of, and ultimate damnation 
59 
of, such a position. Thi s , however,is a gross simplification which 
leads to both a misunderstanding of the causes of Lysenkoism and an 
inadequate refutation of the concept of class specific scientific theory. 
68 
Trofim Denisovich Lysenko was a Soviet agrobiologist who in 
the 1920's discovered and improved agricultural techniques 
which in turn led to higher yields. During the 1930's he 
became concerned with the theoretical basis of his techniques 
and developed a theory of heredity in which environment could 
change genetic factors and which brought him into direct 
confrontation with the existing (Mendelian) theory of genetics. 
Most importantly, Lysenko claimed that his theory of heredity 
was superior as it was in agreement with the "laws of dialectical 
materialism". In 1948 Lysenkoism became the official scientific 
theory of heredity in the U.S.S.R. and Mendelian geneticists 
were forced to "repent" or be punished, which for many meant 
imprisonment or execution. In practice, however, Lysenkoist 
genetics proved to be a failure and slowly it was abandoned. 
Some fifteen years later Mendelian genetics began to be 
taught again. 
For a summary of the scientific premises of Lysenkoist 
genetics see, for example, R. Lewontin and R. Levins (1976) 
"The Problem of Lysenkoism" in H. Rose and S. Rose (eds.) 
The Radicalisation of Saience, Macmillan, London, pp.32-64. 
69 
A similar movement, couched in terms of racially based science, 
developed in Germany, in the 1930's, although it was here much 
more superficially part of anti-Jewish propaganda with little 
"theoretical" support. 
"... a small group of German physicists, styling themselves 
'naturalists' ... boldly declared, Einstein's theory of 
relativity to be 'Jewish world-bluff. They attempted to 
dismiss under the heading of 'Jewish physics' all studies 
based upon data of Einstein and Bohr". 
R. Jungk U 9 5 8 ) Brighter Than a Thousand Suns, Gollancz and 
Hart-Davis, London, p.43. 
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70 
Analyses by Medvedev and Joravsky attempt to establish the growth 
of Lysenkoism in some sort of context but unfortunately remain caught in 
an essentially idealist problematic, in that their analyses do not see 
beyond the designation of Lysenkoism as an affair (read: isolated 
historical event), essentially grounded in the motivations of individuals 
(read: despotic Stalin, opportunist Lysenko). Such an analysis is 
intrinsically limited as it fails to ask fundamental questions about 
the nature of the social milieu in which such a doctrine was able to take 
seed and, for a time, to thrive. The analyses of Lewontin and Levins, 
and of Lecourt are attempts to overcome this failing by relating the rise 
of Lysenkoism to existing conditions, in particular, the state of 
agricultural production in the U.S.S.R. at the time, the state of genetic 
71 
theory and the political situation. The former's analysis however, 
while rich in detail, does not develop beyond the argument that, 
"there were a number of streams that converged to give 
rise and sustain the Lysenkoist movement. 
70 
Z. Medvedev (1959) The Rise and Fall of T.D. Liwenko, Columbia 
University Press, New York. D. Joravsky (1970) The Lysenko 
Affair, Harvard University Press, Cambridge. 
R. Lewontin and R. Levins (1976) op. cit. D. Lecourt (1977) 
Proletarian Science? The Case of Lysenko , N.L.B., London. 
Lewontin and Levins argue that, 
"Lysenkoism like all non-trivial historical phenomenon, 
results from a conjunction of ideological, material and 
political circumstances." (p.32) 
and that, 
"Lysenkoism cannot be understood simply as the result of 
the machinations of an opportunist-careerist operating in 
an authoritarian and capricious political system." (p.32) 
72 
R. Lewontin and R. Levins (1976) op. cit., p.39. The specific 
"streams" to which they refer are listed on p.39 and discussed 
on pp.39-54. 
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They fail to explain what it was that united these "streams", i.e. what 
it was that 'inspired' this convergence. This is where Lecourt's main 
contribution lies. He argues that Lysenkoism must ultimately be under-
stood in relation to the growing power of the centralist Stalinist state, 
and in particular, in its inability to analyse the conditions of its own 
existence. In practice, this meant that problems such as that surrounding 
the disappointingly low agricultural yields were interpreted as techno-
logical problems and not as evidence of existing political/social problems. 
Specifically, this meant locating the problem in residual capitalist 
73 
technology thus displacing debate from the political sphere. Hence 
the Lysenko affair is not ipso facto a refutation of the class science 
argument. Nevertheless it is true that through recourse to the notion 74 
of class based science, that it was given philosophical respectability. 
7 3 
This argument is detailed in D. Lecourt (1977) op. cit.. Chapter 3 
"The Peasant Question: Stalinist Technicism". See espec. pp.70-5. 
7t+ 
This led to a more wide ranging critique of science. Attacks 
similar to those on Mendelian genetics were mounted against 
Einstein's theory of relativity ("manifestly anti-scientific"), 
cybernetics ("a science of obscurantists") and molecular chemistry. 
"Modern physics in particular, in the form it had assumed in 
the West during the twenties, appeared ideologically suspect 
... The assertion made above all by Bohr and Heisenberg, that 
in the act of observing sub-microscopic processes, it was no 
longer possible to draw any clear distinction between the 
subject, that which observed, and the object, that which was 
observed, clashed with the doctrine of materialism. For this 
view allowed the individual far too much influence over natural 
phenomenon. Such a concession amounted in the eyes of the 
official philosophers of the Soviet Union to 'dangerous idealism' 
which could only end in 'ecclesiastical obscurantism'". 
R. Jungk (1958) op. ait., pp.40-1. 
Jungk notes that the physicist Jaroslav Frenkel, in his attempt 
to explain the theory that light, according to the conditions 
under'which it is observed, may at various times be described 
as consisting either of small particles or as an effect of 
waves, became accused of expounding bourgeoise propaganda, 
"Even the article under Frankel's name in the 'Soviet 
Encyclopaedia' did not fail to censure perhaps Soviet 
Russia's greatest contemporary teacher of physics in the 
following terms: 'The philosophical ideas of Ja. L. Frenkel 
are not notable for their lucidity and consistency as far 
as his attitude to materialism is concerned. Many of the 
statements in his books suffer directly or indirectly from 
idealist distortion ..."'. (p.41) 
- 53 -
This raises the possibility, therefore, that the Lysenko affair was a 
misuse of a basically sound philosophical position. This possibility 
is now discussed. 
At the core of this issue is the question of whether the notion 
of class science, in the form of the two sciences (bourgeoise science 
and proletarian science), is fundamental to dialectical materialism. 
Lecourt tackles this issue by arguing that what was for Lenin "a condition 
for knowledge" (dialectics) is turned by Stalin into "a law of the world 
75 
itself." That is, a method for developing a scientific knowledge of 
nature is made into an ontological law, specifying the real property of 
76 
nature itself. This is incorrect. Lenin did not argue that the 
dialectic was only an epistemological device, but that existence itself 
is dialectical. This is not however, as Lecourt apparently believes, 
the same thing as saying that the form must be specified. Clearly were 
the latter true, only those theories could be deemed scientific that 
^^ D. Lecourt (1977) op. cit. , p.106. 
76 
He supports his argument by presenting two quotes which he argues 
show the difference between Lenin and Stalin but which in fact 
seem to be notable for their similarity, 
"The condition for the knowledge of all processes of the 
world in their 'self-movement', in their spontaneous 
development, in their real life, is the knowledge of them 
as the unity of opposites." V.I. Lenin (1951) "On the 
Question of Dialectics" in Collected Works, vol. 38, 
Lawrence and Wishart, London, p.360, quoted in D. Lecourt 
(1977) op. cit., p.106. 
"The dialectical method for apprehending nature ... regards 
the phenomena of nature as being in constant movement and 
undergoing constant change and the development of nature as 
the result of the interaction of opposed forces in nature." 
J. Stalin (1947) Froblems of Leninism, Foreign Languages 
Publishing House, Moscow, p.545, quoted in D. Lecourt (1977) 
op. cit., p.106. 
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explained existence as conforming to pre-determined phenonienological f o r m s / ^ 
The real error in the Stalinist interpretation was not the ontologising 
of the dialectic per se, but the ossification of the dialectic such that 
it became an a priori kit, designating "acceptable" ("scientific") forms 
78 
for scientific theories. That is, it is not even possible to argue 
that the conception of scientific theory as class specific, is a logical 
77 
Through his writings, Stalin 'legitimised' the theoretical basis 
for a conception of class science, allowing the designation, 
for example, of Mendelian genetics as bourgeois science. But 
in fact, as Lewontin and Levins (1976) op. cit. illustrate 
(pp.60-1), for every aspect of Mendelian genetics that is 
supposedly contradicted by dialectical materialism, it is 
possible to show how that same aspect is supported by 
dialectical materialism. 
78 
Thus "the 'laws' of dialectics are conceived of as the 'laws' 
of al 1 scientific laws. 
"Hence two complementary philosophical tasks. The first 
is to put all the sciences through an 'examination' by 
dialectical materialism to correct, if need be, the 
scientific 'inconsistencies' ... The second: when a 
constituted scientific discipline proves resistant to 
translation into the schemata of the supposed 'laws' of 
dialectics -- as was the case with 'Mendelist' genetics --
to (re)construct that science on the basis of these 'laws', 
forging new 'scientific' concepts adequately 'deduced' from 
Marxist philosophical categories." D. Lecourt (1977) 
op. cit., p. 112. 
Lewontin and Levins (1976) op. cit. are similarly critical 
of this interpretation of the application of dialectical 
materialism, noting that it is not intended as "a programmatic 
method for the solution of particular physical problems." (p.60) 
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deduction from an established philosophical position (dialectical 
material ism). 
Scientific knowledge is not absolute in the sense of fixed, it 
is a tendency, it is always in the state of becoming. As a knowledge 
system it is continually in the process of fighting epistemological 
79 
Lenin is quite clear in this regard, 
"When and under what circumstances in our knowledge of the 
essential nature of things, the discovery of alizarin in 
coal tar, of the discovery of electrons in the atom is 
historically conditional; but that every such discovery 
is an advance of absolutely objective knowledge is 
unconditional". V. Lenin (1972) Materialism and Empivio-
Cvitioism, Foreign Language Press, Peking, p.153. 
Lecourt argues that despite Stalin's claims to be in the 
tradition of Lenin and Engels, that his main intellectual 
predecessor in this regard was Aleksandr Bogdanov, who 
originated the explicit concept of the two sciences, 
"To say that the class character of science resides in 
the defence of the interests of a given class is only a 
pamphleteer's argument or a falsification pure and simple. 
In reality science may be bourgeoise or proleterian in its 
very nature." A. Bogdanov from a pamphlet Science and the 
l-Jorking Class, quoted in D. Lecourt (1977) op. cit., p. 157. 
Lenin is explicitly critical of Bogdanov's views; see the 
essays "Does Objective Truth Exist", "Absolute and Relative 
Truth" and "Bogdanov's Empirio-monism" in V. Lenin (1972) 
op. cit., pp.135-45, 147-55, and 267-75, respectively. 
The dialectical-materialist position however does lend itself 
to Bogdanov-1ike vulgarisation because science does not fit 
neatly into a simplistic infrastructure-superstructure model. 
If the connection, scientific knowledge is a form of 
consciousness, consciousness is determined by existence, 
is made, then it is easy to see how an equation of scientific 
knowledge with other, socially produced knowledges, may be 
made. It would be incorrect to attribute this view to either 
Lenin or Marx, however, both who acknowledged the validity of 
scientific knowledge as objective knowledge. See, for example, 
A. Sohn-Rethel (1975) "Science as Alienated Consciousness", 
Radical Science Journal, no.2/3, espec. p.74. 
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80 
obstacles that are potentially ever present. We need not adopt the 
81 
extreme rationalism of Althusser to acknowledge that it is meaningful 
to talk about scientific progress (qualitative) in a sense not possible 
in non-scientific discourses. Science exists as distinct from non-
scientific discourses in that it itself can be the only guarantor of 
its scientificity (and not, for example, some philosophical notion or 
law). The fault in the bourgeoise/proletarian science argument is that 
this acknowledges only the epistemological obstacles to science and not 
the practices which constitute the knowledge as scientific knowledge. 
Therefore, while it is likely that political/economic factors affect 
our conceptualisation of phenomena, this does not itself imply that the 
resulting explanation is unscientific because concepts are not randomly 
adopted, they must "compete" within a framework that is provided by the 82 
existing body of scientific knowledge. Although having dismissed the 
reduction of scientific knowledge to a determination of the political/ 
economic realm, there nonetheless is arguably a manner in which the 
pol itical/economic realm does contribute positively at the conceptual 
level. Unless it can be assumed that the scientist is consciously and 
sub-consciously able to separately compartmentalise current scientific 
concepts from modes of conceptualisation in the general social milieu 
w 
11 
i2 
Einstein described Newton's conceptions of time and space as 
"contradictory to the facts". It is quite possible that 
Newton's theological conception of the universe ("God's work") 
restricted his ability to recognise such contradictions. 
L. Althusser and E. Balibar (1970) Reading Capital, N.L.B., 
London, 
That is, concepts are not incorporated into a vacuum, they are 
faced with a context provided by pre-existing scientific knowledge 
hence philosophical support is insufficient basis for "scientificity" 
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in which he lives; in his practice of science, then it can be supposed 
that his thinking about theoretical matters sub-consciously at least 
scans concepts from mixed sources. When he "sees" in his data, a pattern 
which suggests a particular theoretical interpretation it may well be 
concepts from the general source which enables him to "see" this pattern. 
If proven to be a theoretical advancement this does not in any way 
reduce the knowledge to a political/economic effect, because its 
adoption involved scientific testing, however it does indicate that 
political/economic factors can play a positive role in concept formation. 
However, the designation of the explanation as scientific can not he 
•philosophically determined by reference to the compatibility of the 
conceptualisation with some super-scientific criterion. 
Conclusion: 
The objective of this chapter was to investigate the relationship 
between science and political/economic factors. The task has been 
approached using two distinct foci. The first involved an investigation 
of the political and economic significance of modern science as it has 
developed, that is, a study over time. It is argued that although not 
all modern science in an immediate sense, "useful", that it nonetheless 
is a form of knowledge which can conceive of intercession in the course 
of nature. Feudalism acted as a fetter upon the development of modern 
science, but with the decline of feudal hegemony and the rise of a class 
whose interests lay in manipulation of the empirical world, a social 
base began to become established for modern science. This did not mean, 
however that science made an immediate contribution to the development 
of technology, in fact the majority of technological developments up to 
- 58 -
and including the industrial revolution, occurred independent of science. 
Increasingly however, science began to explain the scientific basis on 
which many such technologies vrarked and eventually reached the stage at 
which science became generative in respect of technology. That is, 
science was not only explaining the principles underlying existing 
technologies, it was also, both providing the basis for improvement of 
existing technologies and suggesting totally new technologies. 
On this basis in particular, support for science grew, both within 
private enterprise and within the state sector. This did not mean 
however, that only that research which was explicitly applied was 
supported. Support for pure research can be understood because it was 
recognised that such research was an essential part of the success of 
modern science, although, it is important not to understate in this 
regard the significance of science's role as the definitive system of 
knowledge of modern society, when discussing the basis of support for 
science, especially with regard to state support. 
Having discussed the development of modern science over time, the 
focus turned from a longitudinal to a cvoss-sectional study. Specifically 
what was involved was a dismantling of the generic term "science" in 
order to discuss the levels at which political/economic influences may 
influence science. Seven levels of effect have been discussed. The 
first, application of the results of scientific research is described 
as the suggestion of the possibility of an effect rather than an effect 
as such. The second, the rate of scientific development suggests that 
factors such as restrictions on necessary resources can affect this rate, 
the argument being more clear cut,the closer the development being 
discussed to technology. Research orientation formed the third level 
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of effect, by which is meant the provision of "missions", explicitly or 
implicitly by the political/economic realm. Influence on the technologies 
which develop constitutes the fourth level of effect, and it is argued 
that analysis of the development of technology can be usefully approached 
through attention to the iprohlem of form and the problem of time, and 
the consequent potential for teohnotogy i-n abeyance. 
Level five, the objects of which theory develops, takes the 
analysis into the cognitive aspects of science. It is argued that one 
cannot put a finite limit on the range of theories that science can 
develop. For this reason it is not possible to state that certain 
theories are fated to be developed. One factor that is likely to affect 
the theories that are developed is the problems that are raised in the 
course of research. If certain problems do not appear, then the 
theoretical question is less likely to be posed. Thus, when Skolimowski 
points to the development of theories of the behaviour of solids in 
83 
space, the point being made is that unless scientists had been involved 
in research into the performance of supersonic aircraft and inter-
continental missiles, that certain issues may not have been raised, and 
hence not investigated, nor the consequent theories produced. (This 
refers only to the object of theory and not its content). One can, of 
course, not uncategorically establish in the case of a particular theory 
that it would not have been, at some unspecifiable later stage, developed 
as a result of some theoretically generated problem, however, looking 
at the theories of science as a whole, and the infinite questions that 
may be generated, it would be a remarkable occurrence if the set of 
8 3 
See pp.45-6 of this chapter. 
- 6 0 -
questions generated internally by theories was equivalent to that set 
generated in response to questions of a "technological" origin. 
The sixth level of effect, is on the development of discrete 
theoretical fields. The question that is raised by attention to this 
level of effect is the apparent difficulty of specifying clear criteria 
for the development of a discrete field, however it is tentatively 
suggested that pressure of resources brought to bear may be a basis 
for such a development. Further discussion of this matter is reserved 
for Chapter 3, where the cognitive basis of the development of discrete 
fields is investigated. Also, while one could argue that there is a 
political/economic interest in developing, for example, a theory that 
explains how to turn lead into gold, it is not at all clear how that 
interest is further served by that problem becoming the centre of its 
own discrete theoretical field, than by it remaining a problem tackled 
within one or more already established fields. 
The final level of effect that has been discussed is that of the 
effect on the very concepts and theories of science. It is argued that 
it is not possible to sustain the argument that the content of scientific 
knowledge is reducible to the product of political/economic determination, 
This was the fundamental error in the notion of proletarian science. 
Part of the power of modern science as a knowledge system that has 
enabled the successful intercession in "the course of nature" has been 
as a result of theoretical developments removing such ideological 
elements from the content of theory. Given that this development is 
a process, it might reasonably be assumed that disciplines vary in the 
extent to which they still contain ideological elements in their theories 
Such obstacles are obstacles to scientific knowledge. 
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This concludes the contribution of Chapter 2; the following 
chapter introduces the second key input mentioned in Chapter 1, the 
studies that may collectively be described as focusing on the "community 
of science" and the more recent hybridswithin the sociology of science. 
The objective is to portray the richness of these studies but also to 
point out their limitations, which together support the suggestion of 
the value of a holistic approach. 
CHAPTER 3 
THE REALM CALLED "SCIENCE" 
In this chapter, my objective is to give a brief schematic coverage 
of the work that has been done in the sociology of science, following up 
some of the introductory comments made in Chapter 1. It is not, and nor 
do I intend it to be, a comprehensive literature review. This has been 
done more than adequately, and recently, in Science, TeohnoZogy and 
Society (and which is, in effect, the "handbook" of the sociology of 
science). Rather, the intent is to give a general picture of the 
insights that have been gained through various sociology of science 
approaches and which, when critically evaluated and coupled with a 
recognition of the potential for political/economic influence (as noted 
in Chapter 2) provide a useful basis for the investigation of scientific 
activity. 
The Sociology of the Scientist: 
The earliest approach that focused centrally on the behaviour of 
2 
scientists was the normative system of Robert Merton. In his essay, 
3 
"The Normative Structure of Science" he distinguishes four constituents 
I. Spiegel-Rosing and D. de S. Price (eds.) (1977) op. cit. 
As the title indicates, the contributions are wide-ranging, 
covering, for example, historical, philosophical and psycho-
logical as well as sociological approaches. 
2 
For a collection of Merton's papers in the sociology of science 
see R.K. Merton (1973) The Sociology of Soienoe, University of 
Chicago Press, Chicago. 
^ R.K. Merton (1973) op. cit., "The Normative Structure of Science" 
(written in 1942), p.273. 
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of "the ethos of science" universalism, communism (more usually referred 
to "communality") , disinterestedness, organised skepticism - plus he 
argues that scientific knowledge will only progress if scientific activity 
is congruent with these particular norms. 
Universalism requires that the validity of a scientific claim be 
evaluated according to already existing impersonal criteria and not on 
the basis of the personal or social attributes of the researcher. 
Communism requires that research findings become the property of the 
whole scientific community - "a common heritage in which the equity of 
the individual producer is severely limited". Secrecy is antithetical 
to this norm, results must be openly communicated. The only claim that 
the scientist is allowed to make on his findings is recognition as the 
scientist responsible. 
Disinterestedness means both that the scientist should work 
without having any personal reward in view and that the scientist should 
be emotionally detached, so that he may dispassionately evaluate his 
work. Organised skepticism requires that results, either his or those 
of others, not be taken on trust. Judgement is suspended until the 
results have been subject to scrutiny "in terms of empirical and 
logical criteria". There must be, to use Merton's terms, no distinction 
between the sacred and the profane; all results must be objectively 
analysed. 
The Mertonian approach argues not simply that these forms exist 
but also that scientific knowledge will progress only so far as 
scientific activity is congruent with these particular norms. This 
ethos he argued may be "inferred from the moral consensus of scientists 
4 
ibid., p.277. 
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as expressed in use and wont in countless writings on the scientific 
spirit and in moral indignations directed towards contraventions of 
5 
the ethos". Hence, not surprisingly, it had a certain intuititive, 
commonsense, appeal. 
Later Merton adds the norms of originality and humility to the 
6 
four previous norms. He acknowledges that originality implies that 
priority must be recognised, yet humility involves downplaying this 
priority. His resolution of this difficulty is to acknowledge that, 
"... the institution of science, like other institutions 
incorporates potentially incompatible values",^ 
but that rewards in science go to those who live up to its norms as 
a whole, the most successful becoming the scientific elite. As well, 
however, he argues, 
"The institution can get partly out of control, as the 
emphasis on originality and recognition is stepped up".® 
The outcome of such disequilibrium is considered by Merton to be 
an increase in deviant acts such as secretiveness, theft of ideas, 
9 
fabrication of data, etc. 
5 
6 
7 
ibid. , p.269 
R.J. Merton (1973) op. ait., "Priorities in Scientific Discovery' 
(written in 1957), pp.296-324. 
ibid., p.305. 
ibid., p.323. 
ibid. , p.323. 
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Various adjustments were made to the normative position - additional 
10 
norms were added, clarifications of the applicability of the norms were 
11 12 
made, the notion of counternorm was developed, however, the notion of 
10 
11 
12 
For example, group loyalty and freedom (Mitroff) independence 
and individualism (Hagstrom), rationality (Barber). 
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a general ethos itself came under criticism from a number of quarters. 
Firstly, and largely based on studies of scientists in industry, it was 
argued that to the extent that an ethos exists, the normative influences 
13 Ik 
are context specific, both institutionally and temporarily. 
Neither was it satisfactory to redefine the ethos as applicable 
only to pure science. Attention to rewards in science, which Merton 
saw as only one issue, became the central focus of those sociologists 
of science applying an exchange theory (a la Romans) approach to the 
(cont'd) 
On this basis he argues that 
"at least two sets of norms are necessary for the rationality 
and growth of science", (p.17) 
Note: In some of his works, Merton discusses, as well as norms, 
what he terms "counternorms", although the emphasis is very much 
on the norms as "major" and "dominant", the counternorms being 
"minor" and "subsidiary". For Merton, counternorms never attain 
equivalent importance with the norms. See, e.g. R. Merton (1973) 
op. ait., "The Ambivalence of Scientists" (written in 1963), 
pp.383-412. 
13 
14 
Hill, for example, argues that those values dominate for which 
some reinforcement exists. S. Hill (1974) "Questioning the 
Influence of a 'Social System of Science': A Study of Australian 
Scientists", Science Studies, vol. 4, no. 2, April, pp.135-63. 
See also, S.B. Barnes (1971) "Making Out in Industrial Research", 
Science Studies , vol. 1, no. 2, April, pp.157-75; N.D. Ellis 
(1969) "The Occupation of Science", Technology and Society, 
vol. 5, pp.33-41; S. Cotgrove and S. Box (1970) Science, 
Industry and Society, Allen and Unwin, London; R.G. Krohn 
(1961) "The Institutional Location of the Scientist and His 
Scientific Values", Transactions on Engineering Management No. 8, 
pp.133-9. 
S.B. Barnes and R.G.A. Dolby (1970) "The Scientific Ethos: A 
Deviant Viewpoint", European Journal of Sociology, vol. 11, 
no. 1, pp.3-25. 
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study of scientists' behaviour (an approach which theoretically specified 
the need to analyse behaviour as reward seeking). Through attention to 
this factor it became clear that, for academic scientists, reward meant 
15 
recognition for one's work from other scientists. The question of 
importance thus became, what activity is it that leads to recognition? 
Investigation of this question led to the discovery that there was in 
practice no discemable connection between the receiving of such 
15 
recognition and conformity to the scientific ethos, rather that 
recognition depended very much on one's contribution to a field of 
research. The designation of an item as a contribution implies some 
criterion or criteria for so labelling a piece of research and it became 
clear that "contribution" meant contribution to problems acknowledged 
by scientists as the important problem as defined by the existing body 
It-
This means in particular, recognition within one's specialty 
and discipline. Hagstrom notes that recognition by the lay 
public on the other hand, is not considered to be "real" 
recognition and may even reduce the prestige of a scientist 
amongst other scientists. He comments, 
"The scientific community is jealous of its monopoly as 
the source of scientific recognition, for the source of 
recognition is in many respects the source of control 
over the direction of research". W.O. Hagstrom (1965) 
op. cit. 
Similarly, publication in a reputahle journal is important 
because it both legitimises the research results and 
establishes initial recognition. See S.S. Blume (1974) 
op. cit. See also F. Reif (1951) "The Competitive World 
of the Pure Scientist", Science, vol. 134, no. 3494, 
espec. p.1958. 
"... we find little indication that receipt of such 
rewards is conditional on scientists having conformed 
to the supposed norms or to the putative counternorms 
in the course of their research". M.J. Mulkay (1976a) 
"Norms and Ideology in Science", Social Science 
Information, vol. 15, no. 4/5, p.541. 
See also M.J. Mulkay (1977b) "Sociology of the Scientific 
Research Community" in I. Spiegel-Rosing and D. de S. Price 
(eds .) op. cit., p.105. 
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17 
of knowledge and techniques. That is, there is no independent criteria 
for the designation of any item as a contribution. Hagstrom discovered 
that, 
"Conformity with methodological standards is necessary if 
social recognition is to be given for contributions."^® 
He notes that in mathematics for example, the style of proof - its 
"elegance" - is often considered as important as whether it "does the 
19 
job". 
17 
19 
It was not therefore by implication, some unproblematic 
"contribution to knowledge" in the sense used by Merton. 
W.O. Hagstrom (1965) op. cit., p.18. 
Law notes, however, that the scientific community which 
provides rewards may be much wider than that which determines 
the permissible problems for research e.g. where the 
applicability of certain work crosses fields. J. Law (1973) 
"The Development of Specialties in Science: The Case of X-Ray 
Protein Crystal 1ography", Science Studies, vol. 3, no. 3, 
pp.275-303. 
W.O. Hagstrom (1965) op. cit., p.18. 
As well as there being a notion of theoretical elegance, it 
appears that in regard to technologies, a similar notion 
applies. Dr. Robert Oppenheimer the man who had been in 
charge of the Manhattan project, commented, when the future 
of the H bomb program was being debated, 
"... it is my judgement in these things that when you 
see something that is technically sweet [my emphasis] you 
go ahead and do it and you argue about what to do about 
it only after you have had your technical success". 
R. Jungk (1958) op. cit. , p.289. 
Jungk also notes Enrico Fermi's response to colleagues' 
objections to research and development aimed at developing 
an atomic bomb, 
"Don't bother me with your conscientious scruples. After 
all, the things superb physics" [my emphasis] (p.199). 
Although this is not a point central to this thesis it is 
important to note also, in regard to these quotes, that they 
are not "throwaway" lines, that in fact, it is perfectly 
logical to designate some problem "superb science" etc. if 
the problem is scientifically interesting, quite independent 
of any consideration of implications of utilisation of resultant 
technology. On this basis it may make sense to talk of an 
"alienated science" to the extent that the designation "superb 
science" has become accepted as an explanation in, and of, itself. 
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Social control in terms of encouraging conformity to problems and 
techniques deemed of importance is enforced by sanctions. Hastrom notes 
that works which deviate too far from the norm are likely to not be 
published in scientific journals, although he does note, that there are 
many journals and it is usually possible to publish elsewhere. More 
important as a sanction, he argues, is the ability of the scientific 
20 
community to withhold further recognition. 
Hagstrom also drew attention to the existence of a structure within 
which contributions would be differentially evaluated and hence affect 
potential rewards. At its most general level this involved the alloca-
21 2 2 
tion of higher prestige to pure research than to applied research. 
As well as this, fields of research are differentially evaluated and 
Hagstrom notes the importance in this regard of the field's centrality 23 
to disciplinary progression. He recognises also that some fields 
20 
W.O. Hagstrom (1965) op. oit., pp.18-9. 
2 1 
Hagstrom's explanation for this is that prestige difference is 
intrinsic to the relation between theory and experiment, that 
is, that theory controls empirical research, whereas empirical 
research is simply the site of application of theory, ibid., 
pp.171-2. 
22 
Within pure research there may be a further division between 
the theorist and the experimentalist, the status of the former 
being higher, ibid., p. 171, and J. Gaston ( 1973) Originality 
and Competition in Science: A Study of the British High Energy 
Physics Community, University of Chicago Press, Chicago. 
2 3 
It is not surprising therefore that it has been found that 
research done in "hot fields" is the most likely to peniieate 
throughout the discipline. See, for example, S. Cole and 
J.R. Cole (1968) "Visibility and the Structural Bases of 
Awareness of Scientific Research", American Sociological 
Review, vol. 33, pp.397-413. 
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accrue prestige because of the sophistication of the equipment involved 
and others because of their utility, but he classes these as relatively 
unimportant. This is inevitable, given the primacy he attaches to pure 
science as the central source of prestige, that is, he could not give 
"utility" the status of a central source of prestige. (By making one 
of the two - utility - a very minor factor he does not need to confront 
the possibility of prestige criteria being context specific and not 
general to science as a whole). 
Development of the exchange theory based sociology of science, 
coupled with a growing awareness of the Kuhnian philosophy of science, 
led to an increasing focus on the dominant theoretical and methodological 
paradigms as the major determinant of scientists' behaviour, rather than 
an abstract ethos. One of the first occurrences to be looked at in this 
25 
light was the "Velikovsky case". In 1950, Dr Immanuel Velikovsky 
26 
published a book called Worlds in Collision which if correct, meant 
the rejection of many of the central tenets of existing astronomy, 
biology and geography. What is interesting for my purposes is not what 
Velikovsky said in his book, but rather the way it was received, or 
rather not received, by the scientific community. Before his book was 
even published scientists were denouncing his work (on the basis of 
24 
25 
26 
Not that is, without a more sophisticated theory of the 
epistemological status of the norms of science or of the 
importance of context. 
See M.J. Mulkay (1969) "Some Aspects of Cultural Growth in the 
Natural Sciences", Social Research, vol. 36, no. 1, Spring, 
pp.22-52. 
I. Velikovsky (1950) Worlds in Collision, Doubleday, New York. 
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pre-publication publicity in popular magazines). Once published, some 
scientists simply refused to read his book and/or test his predictions. 
(Both the norms of universality and skepticism were therefore not 
adhered to). Velikovsky was prevented from publishing replies to his 
critics, and in a related move, scientists reprimanded the publisher 
of the book and threatened a boycott of the publisher's books. Also 
a scientist who recommended to the publishers that the book he published, 
27 
was fired from his job. Mulkay argues that this reaction is explicable 
if one recognises that Velikovsky's rejection of the theoretical and 
methodological approaches of a number of established fields, was a direct 
threat to what was the basis of the most significant normative structure 
28 
in science. 
Similarly, Wynne refers to the "case" of the British physicist 
C.G. Barkla who in the 1920's proposed a new interpretation of the 29 
behaviour of X-radiation under certain conditions. Fundamental to 
Barkla's new "J phenomenon" was the fact that it was discovered using 
a technique - an absorption method - which was out of favour with the 
physics community, which had now almost completely transferred to the 
27 
28 
29 
For a more detailed discussion of the Velikovsky affair see 
A. de Grazia (1966) (ed.) The Velikovsky Affair, University 
Press, New York. For an interesting discussion of the lessons 
from this for the sociology of science see R.G.A. Dolby (1975) 
"What Can We Usefully Learn from the Velikovsky Affair", 
Social Studies of Science, vol. 5, no. 2, May, pp.165-75. 
M.J. Mulkay (1969) op. oit., pp.36-9. 
Whether this explanation satisfactorily explains the ferocity 
of the onslaught against Velikovsky is however doubtful. For 
further comments on the matter see p.81 of this chapter. 
B. Wynne (1976) "C.G.Barkla and the J. Phenomenon: A Case Study 
in the Treatment of Deviance in Physics", Social Studies of 
Science, vol. 6, nos. 3 & 4 , Sept., pp.307-47. 
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3 0 
use of X-ray spectroscopes. Though the latter opened up a whole range 
of routine productive work for scientists to undertake it was however, 
in Barkla's view, technically not able to detect phenomena of the level 
in which he was interested. Also, the spectroscope assumed that the 
X-ray beams behaved as a simple linear sum of individual wavelength 
components, the very premise that Bark!a was questioning. However, by 
the time that Barkla suggested that X-rays may behave in the manner he 
specified, the use of the spectrometer was firmly established. 
"The mainstream neither wished nor needed to look beyond 
the confines of the prevailing paradigm for fruitful albeit 
routine work."^i 
Consequently, 
"No-one else ever tried [the J phenomenon] because it was 
the sort of nasty thing that no-one wanted to believe anyway 
It would have made life frightfully more complicated". 
30 
For explanation of technical matters see B. Wynne (1975) op. ait., 
pp.338-9. 
B. Wynne ( 1976) op. cit., p.323. 
This example illustrates the point made by Whitley when he 
commented, 
"Developments which are perceived to be counter to the 
dominant culture and rational ways of describing and 
understanding reality are not likely to be seriously 
considered unless there are strong reasons for believing 
that they do offer substantial gains for current purposes" 
[my emphasis]. R.D. Whitley (1975) "Components of 
Scientific Activities, Their Characteristics and 
Institutionalisation in Specialties and Research Areas: 
A Framework for the Comparative Analysis of Scientific 
Developments" in K.D. Knorr et al., op. cit., p.66. 
^^ Sir G.P. T h o m s o n , interview Feb. 1973, quoted in B. Wynne 
(1975) op. cit., p.324. 
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This "fear" can be seen in the response by the scientific community to 
Barkla's J phenomenon. The responses involved: 
(i) Suggestions that Barkla's competence was doubtful. 
(ii) Theoretical criticisms of the existence of the J phenomenon, 
although the account considered to have "finally buried" the 
J phenomenon was produced five years before Barkla finished 
publishing his results. 
(iii) A number of supposed replicatory experiments, however they all 
used quite distinct conditions from those used by Barkla. The 
replicators' justification for doing so was that Barkla's 
conditions yielded spurious results. In acting this way, 
they excluded the very factors that for Barkla were of 
33 
fundamental importance. 
In respect of the responses to Barkla, Wynne comments, 
"The important question is whether or not Barkla's ideas 
were rejected on the strength of (a) close scrutiny, 
(b) critical and detailed understanding, and (c) impartial 
evaluation against some established standards of rationality. 
On looking at various accounts of the whole affair it is 
quite clear that such treatment was offered to the 
J phenomenon in none of these aspects", 
and that Barkla's rejection "was more a function of cultural differen-
tiation which had developed in this area of British physics and which 
35 
placed Barkla technically and theoretically in a marginal position". 
^^ For details of the criticisms of Barkla's J phenomenon see 
B. Wynne (1975) oip. cit. , pp.325-35. 
34 
ibid., p.325. 
^^ ibid., p.308. 
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Mulkay and Edge note that the existence of extra-terrestrial radio 
waves were discovered in the early 1930's, by a scientist in industrial 
employment, although they had been theoretically predicted to be undetec-
table. This discovery was largely ignored by academic scientists and 
not until their existence was rediscovered by academic scientists during 
36 
World War II did their detection become established. This suggests 
that the impact of a discovery is affected not simply by its relation 
to existing theory but also by the status of the discoverer. 
The exchange theory approach cast rather major doubts on the 
validity of the "scientific ethos" as an explanation of either the 
behaviour of scientists, or of the underlying rationale of that behaviour. 
It was rather, according to Mulkay a "complex moral language" which 
"provide[s] a repertoire which can be used flexibly to 
categorise professional actions differently in social 
contexts and presumably in accordance with social 
interest. 
This moral language is available to scientists and from it they may 
draw selectively to describe or justify their situation/opinion/action. 
What were seen by Mitroff as counternorms merely reflect the polarities 
internal to the moral language, on which scientists may selectively draw. 
This language, according to Mulkay "is better conceived as an ideology 
38 
than a normative structure". Barnes and Dolby hold a similar view, 
arguing that scientists typically stress the traditional norms "in 
M.J. Mulkay and D.O. Edge (1973) "Cognitive, Technical and 
Social Factors in the Growth of Radio Astronomy",S'octaZ 
Science Information, vol. 12, no. 6, pp.25-61. 
^^ M.J. Mulkay ( 1976a) op. cit., p.645. 
3 8 
ibid., p.646. 
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situations of celebration or conflict" but that they are ideological 
39 
terms "not readily convertible into behavioural recommendations", and 
which "should not be abstracted from their polemical context". 
Bourdieu describes the ethos as "an official fiction which is not 
in the least fictitious" because of the symbolic function that it 
performs. He shares the exchange theory approach in that he sees 
the behaviour of scientists as governed by reward seeking activity. 
Activity is governed by the desire, in his terms, to accumulate 
scientific capital. There is thus a rationale for scientists wishing 
to work in the most prestigious fields which have the potential for 
the accrual of most scientific capital. Of course not everyone can 
work in the most prestigious fields, but if we accept that a large 
number will v/ant to, there is always the possibility of "overcrowding" 
and resulting migration into other fields. The Bourdieu approach would 
39 
hO 
hi 
S.B. Barnes and R.G.A. Dolby (1970) op. cit., p.13. 
ibid. , p.24. 
The focus for Mulkay, and for Barnes and Dolby, is on the way 
pronouncement of such a normative adherence acts as an ideology 
serving the interests of scientists as a whole in their relation-
ships with the state and public at large. This interpretation 
is also given in the following text. R. Johnston and T. Jagtenberg 
(1977) op. ait. 
Polanyi also, in effect, treats the existing body of knowledge 
as the major normative influence. He explains occurrences such 
as the Velikovsky affair as unfortunate but understandable, in 
that he sees "plausibility" as a vital part of the reaction to 
new ideas; vital because it prevents scientists "wasting" time 
on ideas they may not yet be able to disprove, but most of which 
will ultimately prove incorrect. M. Polanyi (1967) "The Growth 
of Science in Society", Minerva, vol. 5, no. 4, Summer, pp.533-45. 
P. Bourdieu (1976) "The Specificity of the Scientific Field and 
the Conditions of the Progress of Reason", Social Saienoe 
Information, vol. 14, no. 6, p.24. 
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would see this in terms of the capital accruing as a "big fish in a small 
h2 
pond" being greater than that accruing as a "small fish in a big pond". 
This migration can in turn cause a reaction, for example, Watson notes 1+ 3 
that "private domains for scientific research bear no poaching signs". 
That is, scientists may not particularly welcome an influx of researchers 
in their field. The migration need not involve a move into an established 
field, however; it may be a move into a new field. Established fields, 
as well as possibly being "overcrowded" may also reach the stage where 
the key questions have been answeredand hence there are fewer opportuni-
ties for recognition through working in these fields. There is thus, on 
this basis, a clear rationale for the movement of scientists into new 
fields. The situation is a little more complex than this of course 
because such migration is only likely if the new field is similar to the 
field in which the scientist is currently working and he needs to be 
able to utilise a substantial proportion of his theory or techniques in 
the new field. At the same time, this closeness may induce defensive 
reactions from many scientists who may see the new field as a threat to 
42 
Sometimes it is possible to take advantage of the greater 
prestige (and perhaps also the greater funding) of another 
field, without actually changing the nature of one's work, 
by "relabelling", that is, by presenting one's research as 
relevant to the field offering greater rewards. See 
R. Johnston and T. Jagtenberg (1977) op. cit., p.21. 
4 3 
J.D. Watson (1968) The Double Helix, Athenaum, New York, p.326, 
^^ See M, Mulkay (1969) op. cit., passim, and N.C. Mullins (1972) 
"The Development of a Scientific Specialty: The Phage Group 
and the Origins of Molecular Biology, Minerva, vol. 10, no. 1, 
pp.51-82. 
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their field rather than as an opportunity. For Bourdieu,this could be 
seen as a response to a threatened decrease in the incumbent scientists' 
return on investment. His position is not a simple exchange theory 
approach however. He adds to this a view of science as 
"a social field like any other, with its distribution 
of power and its monopolies, its struggles and strategies, 
interests and profits".^^ 
At stake, he argues, is 
"the monopoly of scientific authority, defined inseparably 
as technical capacity and social power, or, to put it 
another way, the monopoly of scientific competence, in 
the sense of a particular agent's socially recognised 
capacity to speak and act legitimately (i.e. in an 
authorised and authoritative way) in scientific matters. 
What he is arguing is that theory is the currency of power in the 
scientific community, hence it is incorrect to see theoretical and 
political issues within the scientific community as distinct. Power 
depends very much on the status of one's epistemology. To the extent that 
the elite is defined by theoretical contributions, epistemological threats 
are threats to the elite in the f i e l d . T r e v o r Pinch utilises this approach 
P. Bourdieu ( 1976) op. cit., p.19. 
46 
ibid., p.19. 
Blume, for example, argues that the norms of science are the norms 
of the elite, and that for a scientist to get on, he must conform 
to these norms. This is seen to operate through the elites' 
influence on access to facilities, allocation of funding, influence 
on appointments, access to publications, editorial boards, reviews, 
etc. As with Bourdieu he does not imply that the norms are 
particularly functional (a la Merton), but that they are the 
result of the scientific system being also a social and hence 
power system. He references instances of elites acting against 
the "interests of science", for example, by preventing threatening 
competition by acting in a biased fashion against female scientists 
See, S.S. Blume (1974) op. cit., P. Bourdieu (1976) op. cit. 
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in his documentation and analysis of the difficulty that was involved 
in the acceptance of a proof within quantum physics. In 1952, David 
Bohm, a prominent physicist published a paper which was presented as 
a reinterpretation and possible alteration of quantum theory, and which 
constituted a counter example to John Von Neumann's (definitive) proof 
of the impossibility of hidden variables in quantum theory. As such, 
it was critical of a fundamental formal proof in quantum theory. Pinch 
states that normally such a case would simply be ignored (itself an 
interesting comment on the norms of universality and organised skepticism) 
but Bohm's reputation was such that his work constituted a challenge 
that could not be ignored. Pinch argues that the major reason why 
Bohm's interpretation was objected to, was not its inadequacy (in fact 
there has never been a criticism of Bohm's approach which has showed 
it to be flawed), nor simply the fact that it criticised the current 
orthodoxy, but rather that it offered an alternative theory that was 
"unattractive" in that it destroyed what Hanson described as "the very 
symmetry which we have seen to constitute the power and the glory of 
T. Pinch (1977) "What Does a Proof Do If It Does Not Prove? 
A Study of the Social Conditions and Metaphysical Divisions 
Leading to David Bohm and John von Neumann Failing to 
Communicate in Quantum Physics", in E. Mendelsohn et at., 
(eds.) (1977) op. eit., pp.171-215. 
- 79 -
f+9 
quantum theory". More than this however, Pinch argues that Bohm's 
demonstration was in effect a challenge to the elite's authority by 
50 
questioning the legitimacy of the previous "investments", their 
interpretations of quantum theory. 
"The official history mode articulation of von Neumann's 
proof can be regarded then as an attempt to maintain a 
particular authority structure".^^ 
Independent of the research mode, the official history mode may be seen 
as the "public relation mode" in which the rationale for the autonomy 
of science is grounded in official theory and specifically in an axiom 
based mathematical formalism. Hence when Bohm produced a rival inter-
pretation of quantum physics, which emphasised qualitative considerations, 
he was threatening the arithmetic ideal and with it the authority structure 
49 
N.R. Hanson (1963) The ConoeTpt of the Positron, Cambridge 
University Press, Cambridge, p.88; quoted in Pinch (1977) 
op. oit. , p.182. 
Pinch argues that the sciences have a metaphysical commitment 
to mathematical formalism. This idea is taken from Georgescu-
Roegen ' s concept of arithmomorphism. See N. Georgescu-Roegen 
(1971) The Entropy Law and the Economic Process, Harvard 
University Press, Cambridge, Massachusetts. 
The commitment to mathematical formalism varies within the 
sciences, being most pronounced in physics. See also 
R. Whitley (1977) "Changes in the Social and Intellectual 
Organisation of the Sciences: Professionalisation and the 
Arithmetic Ideal" in E. Mendelsohn et al. , op. cit., pp.143-69 
Pinch uses Bourdieu's "capital" metaphor - ref. P. Bourdieu 
(1976) op. cit., passim. 
^^ T. Pinch ( 1977) op. cit., p.206. 
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52 
on which it was based. The official history mode of articulation 
legitimises various "investments" and effects the allocation of resources 
to new areas, hence a threat to it is a threat to those whose reputations 
- capital - has been built up on the basis of the dominance of existing 
53 
official history. 
Implicit in these studies has been the assumption that the 
originators of scientific challenges are members of the scientific 
community. This is a realistic assumption because as science has become 
increasingly professionalised, one has had to be part of the scientific 
system to be in a position to mount a challenge to an existing paradigm, 
or at least, a challenge that will be taken seriously. It is important 
to make explicit why this is so. There are, I believe, two key factors. 
Firstly, professionalisation has meant that the right to speak authori-
tatively on certain matters, of which Bourdieuspeaks - in his case with 
55 
respect to relations between scientists - has been vested in scientists 
(as opposed to laymen/non-scientists). Secondly, the increasing complexity 
52 
53 
5t+ 
55 
"Bohm's research techniques mainly involved the development 
of qualitative considerations and dialectical concepts, which 
could be expressed mathematically but not within the framework 
of axiomatisation". T. Pinch (1977) op. ait., p.205. 
One could argue also that determination of "technological sweetness", 
as well as theoretical elegance, is heavily influenced by elite 
determinations. See the discussion of technological sweetness, 
p. 58 of this chapter. 
See P. Bourdieu (1976) op. ait., passim. R. Whitley (1977) 
op. oit., p.146. 
See p.77 of this chapter. 
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of modern science, not the least aspect of which is the reliance of 
many fields on very expensive equipment, has meant that attempting to 
challenge established scientific views from outside the profession is 
also difficult on the basis of lack of access to necessary facilities, 
both intellectual and technological. 
However, professionalisation has meant not simply that one must 
be a member of the scientific profession to mount a challenge, it has 
meant also that the profession is the site of determination of the 
"scientificity" of the knowledge. Put simply, scientists are to decide 
what is, or is not, an acceptable/scientific explanation. Hence, it 
is possible to see why scientists react against those who publish in 
the popular press, before their peers have had the opportunity to 
evaluate the contribution. It is, as Hagstrom notes, a form of social 
control. It explains, according to Martin, why the reaction against 
Velikovsky was so vehement, that is, it was not simply a challenge 
to existing paradigms - this has often occurred and not been met by 
anything like the reaction to Velikovsky - rather, that it attained 
considerable public popularity without prior approval as legitimate 
by his peers. It in effect undermind the authority structure of science, 
56 
the right of scientists to designate authoritative knowledge. 
The sociology of science was thus becoming quite a complex field, 
certainly much more so than when "the scientific ethos" was still the 
dominating influence on the young field. A considerable extent of the 
B. Martin (1978) "The Determinants of Scientific Behaviour", 
Society for Interdisciplinarij Studies Review, vol. 2, no. 4 , 
pp.116-7. See also, M. Blissett (1972) Politics in Science, 
Little,Brown and Co., Boston, p.69. 
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complexity was added by the increased attention given to the body of 
scientific knowledge which, in its initial treatment was referenced in 
terms of the predominant normative approach to the analysis of scientists' 
behaviour, then later its unavoidable functioning as a source of authority 
in the scientific community was noted. This incorporation of a less 
unproblematic approach to scientific knowledge, in the sociology of 
science, as well as expanding the studies of scientists' behaviour led 
to a growth of studies which were more immediately concerned with 
specification of the structure of scientific knowledge. These studies 
57 
may be collectively labelled "the cognitive approach". 
The Cognitive Approach: 
One of the major emphases in the sociology of science done within 
the cognitive approach has been attention to the effect on scientific 
activity of differences in cognitive structure at the level of organised 
scientific activity. In this regard, a fundamental matter has been 
the distinguishing of the relevant institutionalised cognitive 
58 levels. Foremost amongst these have been those of specialty, and 
See, for example, S.S. Blume (1977) op. cit., p.9. 
58 , r -1 
Exact definitions of this term vary. Law, for example, uses it 
as a fairly general term, distinguishing "technique", "theory" 
and "subject matter" based specialties. J. Law (1973) op. cit., 
pp.275-303. 
Whitley however, distinguishes "specialties" from "research 
areas". A research area is a set of problems situations, the 
set being based on either: 
(a) similarity of the phenomenon under investigation, for 
example, superconductivity; 
(b) a material or system, for example, amorphous materials, 
rare earth metals; or 
(c) common use of instruments and techniques, for example, 
radiation techniques in radio biology; whilst 
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59 
d i s c ip l i ne . They are however, alone, less than adequate for the 
60 
description of the structure of s c i en t i f i c a c t i v i t i e s . An emphasis 
58 
59 
60 
(cont 'd) 
"A specialty may be considered an agglomeration of research 
areas ... within a mode of understanding which structures 
and integrates different problem s i tuat ions , e.g. f ie ld 
theory in plasma phys ics " . R. Whitley (1974) "Cognitive 
and Social I n s t i tu t iona l i sa t ion of Sc ient i f i c Specialt ies 
and Research Areas" in R. Whitley (ed.) Social Processes 
of Scientific Development:, Routledge and Kegan Paul, 
London, p.77. 
Whereas 
"research areas deal with the organisation of the resolution 
of immediate uncertainty and technical means for accomplishing 
t h i s , spec ia l t ies are more concerned with the underlying 
s c i en t i f i c purposes and interests and theoretical objectives 
. . . , spec ia l t ies organise patterns of rea l i ty and ways of 
making sense of i t . They incorporate modes of understanding 
and systems of explanation". R.D. Whitley (1975) op. cit., p.59, 
"The intel lectual foundation of a d i sc ip l ine is ... more 
removed from the day-to-day specif icat ions and transformations 
of cognitive objects, than are specialt ies and research areas. 
I t applies a part icular set of s c i en t i f i c values to some 
domain or f i e ld of rea l i ty and so orders that rea l i ty . In 
describing a piece of research as "physics" rather than 
"chemistry", for example, we are referring to certain ways 
of conceiving objects and ordering them in some general 
framework ... A d i sc ip l ine "ordering pr inc iple" sets the 
framework within which specialty concerns are developed 
and explanatory models formulated". R.D. Whitley ( 1976) 
op. cit. , p.473. 
This inadequacy i s additional to the problem of ambiguity in 
the use of the concept of specialty in part icular. The following 
extract i l l u s t r a te s this ambiguity. 
" In the specialties and disciplines where components are 
weakly i n s t i tu t i ona l i sed and i t i s d i f f i c u l t for sc ient i s t s to 
ident i fy any unit or organisat ion, let alone their major 
one, allegiance tends to be given to aspects of s c i en t i f i c 
research based outside the specialty and indeed, their 
research i s often defined in terms of these. In the major 
field of cancer research, for example, sc ient i s t s find i t 
very d i f f i c u l t to identify their major specialty''. 
R.D. Whitley (1976) op. cit., p.67. 
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on networks rather than on disciplines or specialties is important 
in the work of Crane, Mull ins, and Mulkay, Gilbert and Wool g a r / ^ Their 
argument is that the formal divisions of discipline and specialty are 
only loosely related to the actual social relations through which new 
knowledge is generated; that 
"cutting across formal scientific boundaries, there exists 
a multitude of informal networks or researchers, each of 
which centres around the investigation of a series of 
related 'problems'" 
This position is put even more strongly by McAlpine and Bitz who argue 
that an understanding "of everyday scientific practice and the everyday 
63 
rationality of science" is the central problem and that only an 
ethnomethodologically derived methodology can tackle this problem. 
60 
51 
62 
6 3 
(cont'd) 
Cancer research is clearly given as an exmple of the specialty 
mentioned in the first line of the quote, but then the question 
is asked - What is their specialty? The reader of the text 
will presumably understand what Whitley means when he asks the 
question, i.e. that he is asking whether they are immunologists 
or endoctrinologists or haemotologists, etc. However, the 
reader should not have to make this deductive step, he should 
not have to work out that specialty is being used on two levels. 
D. Crane (1972) Invisible Colleges, University of Chicago Press, 
Chicago. M.J. Mulkay, G.N. Gilbert and S. Woolgar (1975) 
"Problem Areas and Research Networks in Science", Sociology, 
vol. 9, no. 2, May, pp.187-203. N. Mullins (1972) op. cit. 
M.J. Mulkay, G.N. Gilbert and S. Woolgar (1975) op. cit., p.188. 
A. McAlpine and A. Bitz (1973) "Some Methodological Problems 
in the Comparative Sociology of Science", Paper to an OSTI 
Workshop on 'The Comparative Study of Scientific Specialties', 
Civi.l Service College, London, December, p.l. 
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They are critical of 
"a model of science as a Chinese box, i.e. as a set of 
sets each containing subsets which in turn have subsets 
and so on".^^ 
This approach, which they see as inherent in the focus on discipline, 
specialty etc., they see as incapable of explaining the "doing of 
science" and argue that, 
"All there is to observe is the socially grounded 
procedures whereby members produce events called 
'collaboration' 
For Jagtenberg, the concept of research program is important given what 
66 
he sees as the goal orientation of scientific research. By research 
program he means, 
"a group of scientists who do share some commitment to a 
set of research practices and techniques, but who are also 
oriented to a s h a r e d s e t of research goals. These goals 
may vary in generality, but the main defining feature of 
a research program is that there is organic and mechanical 
solidarity co-present to some extent. That is, there is 
(in the Durkheimian sense), both a functional division of 
labour and a sharing of cognitive structures. A research 
program is usually composed of a group of scientists and 
support staff who consider themselves to be part of a 
team working towards some defined collective goal. As 
is sometimes the case, the team may be geographically 
dispersed to an extent, however, regardless of the 
frequency of face-to-face interaction, the two types 
of solidarity are still present".^^ 
54 
65 
66 
67 
ibid. , p.7. 
ibid. , p.12. 
T. Jagtenberg (1977) "Cognitive and Social Factors in the 
Evolution of Scientific Research: A Theoretical and Practical 
Exploration Illustrated by a Case Study of a Neuropharma-
cological Research Program", Paper to the AAHPS, Wollongong 
University, August 26-29, p.46, footnote 2. 
ibid. , p.9. 
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To these concepts Whitley adds that of "institutionalisation", 
defined as "the degree of coherence and organisation of actions and 
perceptions and the extent to which ideas are articulated and adhered 
6 8 
to". Within science the processes of institutionalisation can 
fruitfully be analysed on two levels - the cognitive and social. 
Cognitive institutionalisation refers to 
"the degree of concensus and clarity of formulation, 
criteria of problem relevance, definition and acceptability 
of solutions as well as the appropriate techniques used 
and instrumentation".^^ 
i.e. in a field of relatively high institutionalisation, it should be 
possible to predict reasonably accurately the sort of research that 
a scientist in that field is doing, the techniques used and the 
"acceptable" sorts of results and explanations. At the other extreme 
are those fields with very low cognitive institutionalisation. Such 
fields will have little intellectual order and correspondingly little 
agreement amongst its practitioners, the resulting work being dis-
jointed. Common definitions and use of technical terms will be lacking 
with the common language of discourse likely to be everyday language 
rather than specialist terminology. The intermediate position between 
these two extremes may be represented by the situation where there are 
distinct theoretical systems competing in the sense of attending to 
the same object. Though the approaches are distinct, some degree of 
common cognitive language is likely to allow meaningful discourse 
between the distinct approaches. 
6 8 
R. Whitley (1974) op. cit. , p.71. 
ihid., p.72. 
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Social institutionalisation has two dimensions: (i) the degree 
of internal organisation and boundary definition, and (ii) the degree 
of integration into the prevailing social structures of legitimation 
70 
and resource allocation. Social institutionalisation ranges from 
simply being aware of other scientists doing work in the same area, 
through exchange of ideas with such scientists, to formal societies 
and journals based on the common scientific interest. As with cognitive 
institutionalisation, a research field can be said to be more or less 
socially institutionalised. Levels of cognitive and social institu-
tionalisation need not correlate, for example, a high level of cognitive 
institutionalisation need not result in a high level of social 
institutionalisation, but once some cognitive concensus has been 
established it is to be expected that some structures will develop 
that socially institutionalise the mutality of interest at the cognitive 
level. 
The cognitive approach also drew more attention to the basis of 
the development of new specialties, in particular, why is it that some 
research problems lead to development of new specialties whilst others 
71 
do not? Why is it that some theoretical developments lead to new 
specialties, whilst other theoretical developments lead to new 
specialties, whilst other theoretical developments are assimilated 
within existing specialties? Previously this development had been 
treated as a "natural" and hence unproblematic matter (positivist 
approach) or, at a later stage in the sociology of science, seen as 
70 
ibid., p.75. 
^^ Note in this regard, the previous discussion on political/economic 
influence on the development of new fields. Chapter 2, pp.32-55. 
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72 
dependent on the status and competitive position of its supporters. 
Mulkay et al. focus on more generally behavioural criteria, in that 
they emphasise 
"the perception by scientists already at work in an existing 
area, of unsolved problems, unexpected observations or 
unusual technical developments, the pursuit of which lies 
outside that a r e a " 
Establishment of a new specialty is then said to depend on formation 
74 
of a social group, specifically a network, around that problem area. 
72 
This is the position, for example, of Ben-David. See J. Ben-David 
and R. Collins (1966) "Social Factors in the Origin of New Science: 
The Case of Psychology", ASR, vol. 31, no. 4 , August, pp.451-65. 
73 
M.J. Mulkay, G.N. Gilbert and S. Woolgar (1975) op. oit., p.192. 
74 
Mulkay et al. (1975) op. cit., argue that it is the research 
network which is crucial in developing a new problem area from 
the stage of being merely an interesting offshoot of research 
in existing specialties and disciplines into a specialty in 
its own right. Similarly Krohn argues that as people "migrate" 
into the new field, that they 
"gradually build a new social network of communications 
as they discover their common interests, problems, and 
contributions. More effective communication launches 
a more effective scientific discussion and debate 
resolving on certain key issues, concepts, definitions 
and useful techniques which begin to look like an 
effective concensus and working research program". 
R.G. Krohn (1977) "Scientific Ideology and Scientific 
Process: The Natural History of a Conceptual Shift" in 
E. Mendelsohn et al. (1977) op. oit., p.71. 
Mull ins (1972) op. oit. sees the emergence of a new specialty 
as involving four phases: 
(i) paradigm group - by this he means a set of individuals 
who have "moved into a similar cognitive position with 
respect to the same, or similar problems", (p.55) 
(ii) communication network - increased contact and inter-
dependence; further clarification of the "paradigm". 
(iii) cluster - establishment of recognisable groups within 
the area; development of norms and beliefs. 
(iv) specialty - establishment of regular processes for 
training and recruitment; institutional acceptance as 
a separate field. 
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This however does not answer the question because while it may specify 
the conditions for the successful establishment of a new specialty, it 
does not explain why the problem came to be seen as not part of the 
existing array of specialties in the first place. 
75 
One attempt at dealing with this problem is that of Masterman 
with her idea of a specialty "overextending" itself. This is seen as 
involving the following process: 
(i) Continued application of a dominant model in a specialty, to 
new problems, will sometimes lead to a problem which is not 
soluble. 
(ii) When this happens, reinterpretation of the dominant model may 
allow the development of a new research area focused on the 
problem. 
(iii) As instances of this process increase, the utility of the 
dominant model is called into question. 
However, this approach has two main failings: 
(i) It is not clear how "overextension" can be determined except 
ex post facto. 
(ii) It describes the process leading to paradigm change rather 
than that leading to the development of new specialties. 
75 
M. Masterman (1970) "The Nature of a Paradigm" in I. Lakatos 
and A. Musgrave (eds.) Criticism and the Growth of Knowledge, 
Cambridge University Press, Cambridge, pp.59-89. 
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Certainly incompatibility of approaches is not sufficient to lead to 
the development of a new specialty, in fact, it is quite likely to lead 
to theoretical change within the existing field. As seen with the 
76 
development of, for example, agricultural chemistry, radar meteor 
77 
research and radio astronomy, development of a new specialty is more 
likely to be on the basis of compatibility with existing theory. Radio 
astronomy developed from the discovery of radio emissions from extra-
78 
terrestrial bodies, a discovery which was unexpected but not anomolous 
That is, the discovery did not "threaten" existing knowledge in the 
Kuhnian sense of being a challenge to the existing paradigm, 
"Rather they led to the formulation of questions which 
defined a field of investigation previously unknown to 
those involved",^^ 
Whitley also approaches the problem, in his case through a focus 
on the "permeability" of specialties to new research practices and 
80 
techniques. He argues for the importance of the following: 
76 
77 
See Chapter 2, p.45. 
G.N. Gilbert (1976) "The Development of Science and Scientific 
Knowledge: The Case of Radar Meteor Research" in G. Lemaine 
et al. op. ait., pp.187-204. 
78 
M.J. Mulkay and D.O. Edge (1973) op. cit. 
19 
M. Mulkay (1975) "Three Models of Scientific Development", 
Sociological Review, vol. 23, p.517. 
80 
R.D. Whitley (1975) op. cit. 
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(i) The clarity of definition of the boundary of the specialty, that 
is, where researchers in the field use a multiplicity of approaches 
dealing with vaguely defined phenomena (low cognitive, institution-
alisation), permeability is likely to be high. 
(ii) The significance of the possible innovation at the particular time, 
for example, receptivity may be high because of difficulties with 
current approaches, and the new factor seeming to offer something 
positive in respect of current problems. 
(iii) Scientific stratification; in the sense that if the potential 
innovator is already prestigious in the specialty or even in 
related specialties, the "new practice technique" is more likely 
to be considered relevant. 
However this does not really take us much further in respect of deter-
mining a clear basis for the establishment of a new specialty. It 
relies heavily on this establishment being a residual effect, the effect 
of non-inclusion. 
It is doubtful, therefore, whether it is possible to theoretically 
delineate the conditions for the formation of a new research field, as 
opposed to the extension of an existing field, or the incorporation of 
the new matters in a number of existing fields. This is not simply 
because not all specialties are theoretically defined, but also that 
those that are, can only be so defined in terms of known theory. It 
is the very "newness" of the new developments that is "disruptive" of 
Nor does this mean that if the innovation becomes established 
in an existing specialty that a new specialty based on the 
innovation will not eventually develop, as the very incor-
poration is likely to lead to further refinement of the 
innovation through, e.g. application to areas of uncertainty 
within the specialty. 
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the established specialties. What this means fundamentally therefore 
is that the boundaries of specialties cannot be precisely theoretically 
defined. Because this cannot be done it is not possible to have a 
general law that explains the establishment of discrete specialties. 
In particular it illustrates that the outcome is determined by either 
cognitive or political/economic/social factors, either being sufficient 
82 
in specific instances. 
An interesting attempt within the cognitive approach, to fuse 
political determination and cognitive determination of new fields has 
83 
been made by Bohme, Van den Daele and Krohn. They argue that there 
has been a fundamental change in the relationship between science and 
the social environment "a kind of paradigm change of science itself", 
such that external goals for science become the guidelines for the 84 
development of the scientific theory itself. This involves orientation 
to external goals being conceived of as consequent upon the realisation 
of the third stage of a three stage model of scientific development. 
Stage one has certain similarities to Kuhn's pre-paradigmatic stage; 
research follows no specific methodological or theoretical approaches, 
82 
83 
84 
In this regard, the cognitive approach has, in its efforts to 
determine an unambiguous cognitive basis for the establishment 
of new specialties, effectively shown that such a basis does 
not exist; that in fact establishment of a specialty may occur 
because of resources in the broadest sense, brought to bear. 
This supports both the approach of Ben-David and Collins 
(see pp.87-8 of this chapter)and also the argument tentatively 
proposed in Chapter 2, that political/economic factors may be 
the basis of the formation of a new specialty (see Chapter 2, 
p.48). 
G. Bohme, W. Van den Daele, W. Krohn (1976) "Finalisation in 
Science, Social Science Information, vol. 15, no. 2/3, p.307. 
This process they describe as "finalisation". 
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with emphasis on discovery not explanation. Stage two exists when there 
are a certain number of fruitful theoretical approaches (incomplete and 
partly inconsistent), research strategy being defined by theoretical 
factors. Bohme et at. argue that at this stage, the lack of general 
theoretical foundations prevents theoretical external mission-orientated 
research. There exist "self-regulatives" of the logic of inquiry which 
determine that the situation of theory development be towards fundamental 
theory. This situation changes however "as soon as a universal theory 
has essentially been completed and a stable and universal paradigm set 
8 5 
up for a particular research area". 
When a scientific field is "complete" or "mature", they argue, 
further theoretical problems depend on the emergence of practical 
86 
problems. By this they do not simply mean to imply that theoretical 
development stops, simply that further theoretical development is not 
•87 
needed to structure the theoretical area. 
8 5 
G. Bohme et al. (1976) op. ait., p.315. See also their later 
publication, G. Bohme et al. op. cit., pp.239-40. 
86 
Quantum mechanics, classical mechanics, and relativity theory 
are given as examples of "mature" theories. 
8 7 
Weingart who emphasises that this application orientation does 
not mean that the consequent research will be applied, indeed, 
that such investigations can generate very pure research, 
"... the technological research effort, because of the 
very nature of the problems dealt with is carried over 
into the realm of basic scientific research. Thus studies 
of the behaviour of metals have led to crystal 1ographical 
analysis to achieve controlled nuclear fusion as a source 
of energy have run into difficulties because the nature of 
plasmas was not well enough understood and consequently 
more basic research was required". P. Weingart (1978) 
op. cit., p .277 . 
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The validity of the "finalisation" argument hangs on two key issues: 
(i) Can a scientific discipline be said to be 'complete'? 
(ii) Does a discipline need to be "complete", to spawn "finalised" areas? 
One of the problems in answering (i) is that Bohme et at. assert that 
theoretical developments arrive at a "completion" but do not specify 
the exact conditions of that "completion". One of the most fundamental 
omissions in this regard is the lack of comment on the relative importance 
of social concensus of scientists as opposed to epistemological charac-
teristics. Both are at times cited as evidence in support of the thesis, 
but in such a way as to raise serious doubt as to the status of the 
concept as other than a label applied ar post facto in a tautological 
88 
fashion. Secondly, even if we assume that completed theories exist, 
does it really matter? Why must the mother discipline be mature? Is 
it not possible for mother discipline and spawned field to develop 
contemporaneously or even to develop mutually, contributing to the 
88 
Bohme et at. (1976) refer in particular to epistemological 
criteria, though the examples to which they refer rely on 
mathematically defined systems; a model of science which is 
by no means clearly generalisable. (For this argument see 
R. Johnston (1976) "Finalisation: A New Start for Science 
Policy?", Social Science Information, vol. 15, no. 2/3, 
pp.331-5. Johnston notes, for example, that only a few 
fields of physics adhere to a vigorous epistemological 
definition). 
Weingart (1978) op. cit. refers to social concensus amongst 
scientists, specifically "a growing conviction that some 
problems have been solved once and for all, like those of 
motion, heat, light and electricity ..." (p.276). He refers 
also to the National Academy of Sciences' 1973 publication 
Physios in Perspective in which only two of eight subfields 
of physics are designated as having a definite potential 
for discovery of fundamental laws. 
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89 
growth of each other. 
The problem with the finalisation thesis is that it seeks to 
establish an unproblematic cognitive basis for the establishment of new 
fields, specifically those fields centred around orientation to some 
political/economic problem area. While their work adds to the documen-
tation of the existence of such fields, it does not however establish 
that this is on the basis of a clear cognitive pre-condition ("completion") 
Such a conclusion, even if it is negative in nature, can be considered 
to be a contribution to the sociology of science. Often the product of 
a cognitive approach is more positively fruitful. An initial example 
is provided by Whitley's discussion of the effect of cognitive structure 
on the composition of elites. He distinguishes between polytheistic 
disciplines, in which there are a number of distinct views as to the 
nature of the discipline (i.e. no coherent and integrated central 
cognitive structure), and umbrella disciplines where there is concensus 
over the nature of the discipline. As a consequence, disciplinary 
authority in the former is much more likely to be linked to organisation 
posi tion, 
"Elite status derives predominantly from organisational 
positions controlling the process of reproducing the 
labour force, and the allocation of rewards and the 
8 9 
This does not mean however that the theories of the derived 
field are logically derivable from the mother field. 
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means of certifying products through control of the major 
discipline-wide journals and other media. 
In umbrella disciplines there is much more likelihood of the 
elite being based on theoretical contribution to the central cognitive 
structure, though of course organisational position is still important. 
In practice, incumbency of such positions depends to a considerable 
extent on such contributions, hence the one incumbent will often have 
a dual basis for being considered an elite member. Whitley thus 
manages to relate the elite to the cognitive structure and by doing 
so refines it as a focal point for research. For example, in her study 
of the cancer elite in the United Kingdom, Sadler notes that an elite, 
an "oncological establishment", was accused by junior researchers of 
91 
blocking "galvanising ideas". Because of the cognitively diverse 
R. Whitley (1976) "Umbrella and Polytheistic Scientific 
Disciplines and Their Elites, Social Studies of Science, 
vol. 6, nos. 3 & 4, Sept., p.487, See also P. Weingart 
(1974) "On a Sociological Theory of Scientific Change" 
in R, Whitley (ed.) op. cit., pp.44-68. Weingart comments, 
"Differences of reputation or stratification in science, 
then are not as the exchange theory or the functionalist 
sociology of science would have it, indifferent to the 
cognitive processes guaranteeing a continuous growth of 
knowledge. Rather they are expressions of power specific 
to science, which structures cognitive processes; on one 
hand on the cognitive level in the form of the guiding 
and the evaluation of perception, and analogously, on 
the institutional level through the allocation of 
positions and resources", (p.60) 
91 
J.M. Sadler (1976a) Elites in Cancer Research, unpublished 
paper, p.l. J.M. Sadler (1976b) The Cancer Elite, 
unpublished M.Sc. Thesis, University of Manchester, pp.13, 19 
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nature of the field there were separate disciplinary elites outside 
the cancer research field which gave partial autonomy to the researchers, 
that is, autonomy from the organisational elite under whom they work, 
through the role of the former in affecting the scientists' reputations 
in their specialties (via control of journals, etc.). 
Secondly, in scientific disputes while the scientists are, as 
Bourdieu notes, disputing competence to be authoritative, there need 
be nothing "false" in the advocacy of their positions by scientists 
of the respective persuasions, because adhering to different theoretical 
positions means that the empirical world, or the non-empirical "problem" 
constr ^s seen differently, that is, the facts are a uct of the 
different theories. No "bad faith" is involved. 
Also the likelihood of resolution of theoretical disputes is 
lessened where the terms being debated are "commonsense" rather than 
scientific terms. The lead level dispute which Robbins and Johnston 
^^ J.M. Sadler (1976b) op. cit., p.141. 
9 3 
See p.77 of this chapter. 
94 
95 
96 
To argue otherwise is to accept "the positivistic assumption 
that scientific knowledge is an unproblematic reflection of 
reality". D. Robbins and R. Johnston (1976) "The Role of 
Cognitive and Occupational Differentiation in Scientific 
Controversies", Social Studies of Science, vol. 6, nos. 3 & 4, 
Sept., p.352. 
This does not of course mean that their advocacy may not be 
stronger if, e.g. their position of employment is implicitly 
threatened by some contrary view. 
D. Robbins and R. Johnston (1976) op. cit. 
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discuss illustrates this, for the term on which the debate centred were 
"safety" and the empirically derived notion of "threshold", neither of 
97 
which could be scientifically defined. 
Conclusion: 
Most of the sociology of science of the last twenty years has 
developed from expansion within and criticism of an approach that I have 
labelled the sociology of the scientist. At first this consisted mainly 
of variation on the theme provided by Robert Merton with "the ethos of 
science, expanding the range of norms, varying normative influences 
according to context", etc. Through increasing attention to an exchange 
theory approach it became clear that if reward seeking behaviour was the 
key to the explanation of scientific activity, then recognition by one's 
peers was of foremost significance. Recognition by one's peers required 
the evaluation of one's work by those peers and the designation of such 
work as a contribution was closely tied to the significance of the work 
in terms of the problems defined by the existing body of knowledge and 
techniques. Thus it was argued, rewards are attached not to specific 
forms of behaviour or motivations (depending on how one interprets 
Merton's norms) but primarily to contribution to knowledge, although 
recognition of what did or did not constitute a contribution was not 
absolute, but rather being dependent largely upon what were currently 
9 7 
Hence, this case is in fact, illustrative of more than just the 
dispute between alternative theoretical approaches, on which 
Robbins and Johnston focus. 
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considered to be key problems. As well as differential rewards existing 
within a theoretical field, it was argued that fields of science vary in 
terms of their prestige and, at a meta-theoretical level, pure research 
is more prestigious than applied research. Based on an increasingly 
Kuhnian influenced exchange theory, studies of instancesof non-adherence 
to the ethos of science (for example, the Velikovsky affair) were 
explained in terms of the rejection of the current paradigm or paradigms 
involved. The scientific ethos was now portrayed as a moral language 
available to scientists (Mulkay, Barnes and Dolby). 
Bourdieu expanded the exchange theory approach by arguing that 
theoretical positions are also unavoidably the currency of power in 
science. That is, recognition, which implied the ability to speak 
authoritatively on a particular scientific matter is bound up with the 
accepted significance of one's theoretical contribution. The implication 
of Bourdieu's argument is that adherence.to a current paradigm, and the 
evaluation of contributions in terms of that paradigm,is not just a 
rather vague attachment to the status quo, but a matter which has impli-
cations in terms of the "investment" of scientists in the existing 
paradigms; for many, the ability to produce work recognised as 
contributions, for a few the designation of elite status. The value 
of this approach is that it provides an explanation of the attachment 
of some scientists to existing paradigms, and hence the existence of 
resistance, but it does not assume omnipotence, that is, it is quite 
able to explain the acceptance (albeit in the face of some resistance) 
of radical ideas. It avoids implying a static theoretical situation. 
Implicit in Bourdieu's argument is the assumption that scientific 
challenges come from inside the scientific community. This I argue is 
a realistic assumption given that the professionalisation of science has 
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vested the right to speak authoritatively on scientific matters in 
scientists. Also however, the increasing complexity of modern science 
has made it difficult for those without access to necessary facilities, 
both intellectual and technological to mount challenges to established 
scientific views. Distinction between scientific and lay knowledge has 
placed the profession in the role of sole arbiter of the scientific 
merit of contributions, hence scientists who publish in the popular 
press prior to vetting by peers run the risk of sanctions. This may 
be expected to be especially so where the public response is to confer 
a "legitimacy" on the work. Hence, the vehemence of the reaction to 
Velikovsky is explicable. It is not simply that the central normative 
influence is the established body of theory - if this was the only 
explanation of the reaction then it would imply that modern science is 
almost closed to radical ideas - but that Velikovsky's ideas achieved 
"legitimacy" (albeit, in the lay sphere) without prior designation of 
its legitimacy by his peers. As such it was a denial of the authority 
structure of science in the form of their right to designate authorative 
knowledge. It is interesting that the view that talks of the professional 
authority structure - the concern for maintenanceof professional boundaries, 
is also the view that is much less mechanistic in its interpretation of 
resistance to new ideas. A1ternatively the view that does not concern itself 
with maintenance of professional boundaries (for example, Mulkay's explana-
tion of the Velikovsky affair) must rely solely on a presumed pervasive 
resistance to radical ideas to explain the reaction to Velikovsky. 
The cognitive approach within the sociology of science has been 
concerned to develop further understanding of the relationship between 
cognitive and social factors. Concepts such as cognitive institutionali-
sation and social institutionalisation have been suggested as useful means 
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of approaching studies in this regard. Determination of the basis of 
the formation of distinct theoretical fields has been a topic of special 
concern within the cognitive approach, however attempts to establish a 
clear cognitive basis for such developments have not been successful. 
The implication to take from this, I argue, is that there may be no 
fixed cognitive basis for such a development, which tends to support 
the assertion that non-cognitive factors may be the key factors in 
some cases. 
In other areas the cognitive approach has had more positive 
results, for example, Whitley's analysis of the significance of cognitive 
structure on the location of elites, and Robbin's and Johnston's analysis 
of how cognitive differences can made common ground difficult to find in 
scientific disputes. As I hope this chapter has illustrated, the 
majority of the work within the sociology of science would support the 
assertion that the effect of the political/economic realm on science 
is what one could perhaps term, a silence in the discourse of the 
sociology of science. There is a place therefore for studies which 
make use of the ideas and information generated by the sociology of 
science as portrayed in this chapter, which also looks to make 
connections with the political/economic realm. It is to the task 
of presenting such a study, that the thesis now turns. 
CHAPTER 4 
METHODOLOGY 
The Decision to Focus on Solar Energy Research: 
In some studies the concrete object on which the study Is to focus 
Is known In advance of the generation of the theoretical framework on 
which the study proceeds. In others the framework awaits the concrete 
object. In the case of this thesis It was the latter. The decision to 
focus on solar energy research In Australia was not predetermined. 
Rather "awareness" of the field occurred through a chance reading of a 
report on the solar energy research being undertaken at the A.N.U. 
(Australian National University). This was 1n April 1977, by which time 
a framework, a precursor to Chapters 1-3, was In existence, hence the 
time was right for that report to be given a particularly attentive 
reading. I was sufficiently Interested by what I read to arrange an 
appointment with one of the solar energy researchers at the A.N.U. The 
consequent discussion reinforced what was up to that stage merely an 
Impression that solar energy research may be a worthwhile focus for my 
study. The reasons were as follows. 
Firstly, the fact that the research was being done In Australia 
would mean that no major geographical problem should exist with respect 
to access to data. Secondly, the field seemed to be small enough In 
terms of the researchers involved that a significant coverage of the 
field should be possible. Thirdly, It seemed to be a relatively new 
field, hence there was an opportunity to get in at the beginning, which 
appealed to me as being sociologically valuable if research fields were 
prone to such things as "growing pains". Fourthly, the report had 
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mentioned the existence of funding problems in solar energy research. 
If confirmed, this would offer what seemed to be an additional advantage 
in that the studies of research fields that I had read seemed to deal 
almost exclusively with fields in which shortage of funds did not seem 
1 
to be a problem. The undertaking of a study different in this regard 
2 
would seem to be a worthwhile contribution to the sociology of science. 
Finally, my initial impressions and information led me to believe that 
I could proceed with a study of solar energy research that would not 
suffer appreciably from my lack of expert knowledge, that is, lack of 
familiarity with the significance (in a scientific sense) of theoretical 
developments affecting the field. That is, it is possible to know that 
theoretical advances with respect to thermosyphon flows can lead to 
1 
In particular I am referring to the following: J. Gaston (1973) 
op. cit. [high energy physics]; J. Law (1973) op. cit . , [X-Ray 
Protein Crystal 1ography]; N. Mullins (1972) op. cit., [molecular 
biology]; M. Mulkay and D. Edge (1973) "Cognitive, Technical and 
Social Factors in the Growth of Radio Astronomy", Social Science 
Information, vol. 12, no. 6, pp.25-61; G.N. Gilbert (1976) "The 
Development of Science and Scientific Knowledge: the Case of Radar 
Meteor Research" in G. Lemaine et al., op. cit., pp.187-204. 
In this regard it is worth noting that having the status of a 
pure field does not ipso facto mean that the research is 
inexpensive - as the cost of particle accelerators and radio-
telescopes attests - and that therefore they do not suffer 
funding problems. A study that does give attention to funding 
matters is J. Sadler (1976b) op. cit., [cancer]. 
2 
The fact that it is a study of research in Australia is of 
additional value in that most studies have been based on research 
in the U.S. or the U.K. where the context and problems faced by 
researchers need not be the same as for less industrially developed 
countries such as Australia. As such, it therefore is a contri-
bution to a comparative sociology of science. 
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improved design of solar collectors without knowing in a scientific sense 
the step-by-step logic of the links, that is, without knowing the scien-
tific significance of the former for the latter. One must evaluate one's 
resources in this regard and use them wisely. There is little point 
studying a field if it is believed that the questions that are going to 
be asked or that need to be asked for a useful study to be produced 
require a familiarity with the theoretical basis of the field. Mulkay 
makes this point in respect of the study of radio astronomy, because, 
being concerned with both the theoretical history and the current 
technical culture, that study required the involvement of "technically 
3 
competent participants". Thus, even though the study was not to involve 
a detailed knowledge of the "theoretical and technical culture" it was 
felt that (what I perceived as) the relatively non-esoteric nature of 
solar energy research would be to my advantage. One effect of this 
strategy is likely to be that attention is given to a field in which the 
pre-eminent activity involves the non-cognitive levels of effect. 
(Provided that is, that one accepts the equation of esoteric with the 
significance of pure theory). Not all levels of effect are likely to be 
M.J. Mulkay (1974) "Methodology in the Sociology of Science: Some 
Reflection on the Study of Radio Astronomy", Social Science 
Information, vol. 13, no. 2, espec. pp.110-11. 
h 
A particular problem that solar energy research would present for 
someone wishing to do a study along the lines suggested by Mulkay 
(see footnote 2) is that, as is noted in Chapters 5 and 6 , solar 
energy research involves so many specialties that the notion of a 
"solar energy expert" is effectively a contradiction in terms. 
For example, a mechanical engineer working, for example, on 
solar engines, is unlikely to be able to evaluate the work of 
a physical chemist working on the organic photovoltaic cells. 
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equally significant, either between fields or in one field over time, 
therefore if a choice in this regard is available, it is a sensible 
research strategy to place one's efforts in a sphere where a constructive 
return can be expected. 
Specifying Questions: 
Having decided to focus on solar energy research the next step 
5 
was to determine what "questions" to ask of solar energy research. A 
product of the discussion in Chapters 2 and 3 was that a particular focus 
was suggested. At a general level, for example, it illustrates the need 
to focus on political/economic factors and specifically to be aware of 
the number of levels at which such an effect may be manifest. It is 
necessary therefore that the study attend to the matter of the political/ 
economic context and the significance thereof. The discussion of the 
scientific realm contributed in particular, an awareness of the need to 
be aware that cognitive structures within science vary and with significant 
results, while also emphasising the internal social realm of science. 
On the basis of this, it is possible to generate informed questions 
that can be expected to significantly contribute to such a study. 
Specific attention should be given to the following: 
(i) What is solar energy research? That is, what universe of activity 
is described by this term? How is one to "characterise" solar 
energy research as a research field amongst the universe of 
research fields? 
5 
These Questions begin at the general level of "matters to be 
investigated". They may, depending on the methods used, become 
concrete questions, for example, in an interview schedule. 
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(ii) What is the history of solar energy research in Australia? That 
is in what sense can we speak of the progression of the field from 
some origin and what have been central factors in its development? 
Availability of Data: 
Attention to these questions involved two main courses of inquiry. 
The first was to tackle the significance of the specificity of the 
political/economic, that is, to signify the importance of the fact that 
the research being studied, is taking place in Australia, and not for 
example, in the United States, or the United Kingdom. Discussion of 
the political/economic realm up to now has been in terms of a genevio 
political/economic, but the study now requires attention to the specific. 
The task in this regard therefore, was to present an analysis of the 
political/economic context in which science in Australia is placed. In 
this regard, analysis could rely heavily.on the already available data, 
in particular, O.E.C.D. reports, the reports of various Australian science 
policy bodies and of the Australian Department of Science, plus various 
Bureau of Statistics publications. The analysis and interpretation of 
data from these sources is presented in Chapter 7. 
The second task was to find out more specifically about solar 
energy research in Australia, and in this regard it became clear that 
the initial task was going to be simply a piecing together of "who was 
doing what, and where?" Information was available in a number of 
documentary sources but no comprehensive history of solar energy 
research or directory of solar energy research in Australia existed. 
Some sense of developments over time was made possible due to the 
existence of the journal of the Australian and New Zealand Section of 
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the International Solar Energy Society, Solav Energy Progress in 
6 
Australia and New Zealand, an annual journal which contains short 
reports on solar energy research projects. The first volume of this 
journal appeared in 1952, hence some idea of the solar energy research 
7 
that had been done in Australia since that time could be ascertained. 
8 
As well as this journal, both the Australian Academy of Science and 
9 
the Senate Standing Committee on National Resources had produced 
reports on solar energy research which provided further information on 
what was being done. All these sources indicated that the Commonwealth 
Scientific and Industrial Research Organisation (CSIRO) had been the 
site of early solar energy research in Australia. By going back through 
the annual reports of CSIRO it was possible to trace research back to 
at least 1954 (in what was then CSIRO's Central Experimental Workshops), 
however the reports did not indicate whether or not this was the 
beginning of solar energy research in the organisation. The CSIRO 
Archives proved more fruitful in this regard. Correspondence between 
7 
This journal was first put out in 1962 as a Newsletter, the title 
Solar Energy Progress in Australia and New Zealand first being 
used in 1954. 
As the study progressed, the incompleteness of the record provided 
by Solar Energy Progress became clear, but at this introductory 
stage it was the most complete record available. 
Australian Academy of Science (1973) Report No. 17, Solar Energy 
Research in Australia, Australian Academy of Science, Canberra, 
Sept. 
Senate Standing Committee on National Resources [1311 d.) Report on 
Solar Energy, A.G.P.S., Canberra, May. 
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members of CSIRO indicated that solar energy research in the form of 
experimentation with solar water heating began in that organisation in 
1950-1951, but that solar energy research concerned with the utilisation 
of organic matter to produce fuel, had a much longer history, dating 
10 
back to at least the late 1910's. Finally, a search of newspaper 
reports on solar energy research added further to my knowledge of what 
11 
was currently being done in Australia. 
On the basis of these sources it was possible to construct an 
outline history of solar energy research in Australia, but it was still 
very much just that - an outline. As well as the gaps in the information 
- for example, there was little indication as to what research was being 
done prior to the 1960's other than some CSIRO work - there was a 
qualitative problem in that most of the available data was from reports 
which, although not scientific papers, were nonetheless, by no means 
sociological analyses of solar energy research; they were, as was to be 
expected, fairly "matter of fact" reports about what was being done, 
where, and what was being discovered and/or developed. The use of these 
primary sources had been quite extensive, yet there still remained large 
areas of uncertainty. In order, therefore, to get more information on 
the history of solar energy research as well as on the more general 
characteristics of solar energy research as a research field, it was 
necessary to undertake the collection of some original data. 
For the full set of references to the archival sources, see 
Chapter 5, pp.132-4. 
^^ CSIRO now compile for their own purposes a file of press clippings 
on scientific matters, hence through arranging access to them, a 
comprehensive set of press clippings for the period 1976 -> was 
available. 
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Generation of Data: 
The first sort of data that was required was additional information 
on the history of solar energy research in Australia; information that 
could be used to construct an account of who was doing what, now and in 
the past, and why the research was undertaken. In particular, it was 
desired to also collect information that would allow some comment to be 
made about the contributions of political/economic factors, and theoretical 
developments within science, to the development of the field. The second 
sort of data that was required dealt with a characterisation of solar 
energy research as a research field within "the realm of science", that 
is, information was required on cognitive diversity within the field, 
social factors in the sense of co-operation between groups, existence of 
elite members if any; a general impression of what sort of field solar 
energy research was like to be in. 
Identifying the Population: 
The initial task that presented itself was empirically identifying 
the solar energy researcher population. Despite the apparent assistance 
of having what may seem a clear-cut scientific label, identification of 
the populations of scientific fields is not an unproblematic task. 
Woolgar, for example, notes that with respect to his study of pulsar 
research, eight different bases for determining the pulsar researcher 
population - all of which could be justified - yielded populations 
12 
varying from 509 to 760. Also, these eight were simply eight varia-
tions of a count based on the content of scientific literature, hence 
1 2 
S.W. Woolgar (1976) "The Identification and Definition of Scientific 
Collectivities" in G. Lemaine, et al. (eds.) op. ait., pp.233-45. 
- 110 -
13 
alternative approaches, for example, use of snowball sampling would 
likely result in even greater variation. 
In regard to this problem of variation in estimates of population 
size, one may be inclined to conclude that the source of the problem is 
imprecise understanding by the sociologist, of the boundaries of the 
relevant field. While this is no doubt true, it need not be an error 
however; it may in fact be an accurate reflection of the situation, that 
is, it may well be that precise boundaries do not exist. (In this regard, 
it becomes clear in Chapter 5 that in solar energy research, such boun-
daries are very difficult to draw because of the cognitive nature of 
solar energy research). On the basis of the information that was 
available on solar energy research in Australia, it was possible to 
construct a preliminary "directory" of solar energy researchers in 
Australia, which resulted in the identification of a population of 75 
(that is, individuals identifiable as being currently involved in solar 
1 5 
energy research). 
13 
C. Kadushin (1968) "Power, Influence and Social Circles: A New 
Methodology for Studying Opinion Makers", American Sociological 
Review, vol. 33, Oct., pp.685-99. 
14 
See Chapter 6, espec. pp.178-83. 
15 
This population of solar energy researchers excluded those 
researchers who were only involved in architectual aspects of 
solar energy utilisation. 
In June 1978 the Department of National Development produced a 
directory of Australian solar energy research, in which 98 project 
leaders were named (for solar energy research projects in progress 
at that time). However, interpretation of the figure as a guide 
to numbers of researchers, is filled with several problems, see 
footnote 41. Department of National Development (1978a)^ Birectovy 
of Australian Solar Energy Research and Develoipment, Department 
of National Development, Canberra. June. 
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Choice of Method: 
Because the information that was required was both detailed 
historical data and data that was in a sense impressionistic, it was 
clear that the source of the data must be the solar energy researchers 
themselves. The choice of method was essentially that between use of 
interviews and use of mailed questionnaires. As most methodological 
16 
texts note, both methods have their pros and cons; with interviews, 
for example, there is the greater depth of questioning that they can 
offer, but also the problem of interviewer bias that mailed questionnaires 17 
do not involve. The choice between use of a questionnaire and use of 
an interview approach was made on the basis of the nature of the data 
required of the solar energy researchers. Firstly, the requirement for 
historical detail meant both that extended answers were in many cases to be 
expected and that in the pursuit of such information, points of clari-
fication may be required. Secondly, the information that was required 
on which a statement as to "the place of solar energy research in the 
realm of science" was to be made was in part impressionistic, involving 
16 
See, for example, K.D. Bailey (1978) Methods of Sooial Researoh, 
The Free Press, New York, pp.157-9; C. Selltiz, M. Jahoda, M. Deutsch 
and S. Cook (1959) Research Methods in Sooial Relations, Holt, 
Rinehart and Winston, New York, pp.238-43. Also H. Hyman (1954) 
Interviewing in Sooial Research, University of Chicago Press, 
Chicago, pp.239-41. 
17 
Concern with the "technical" difficulties involved in interviewing 
can involve even the smallest details, as indicated by the following 
paper. A Barath and C.F. Cannell (1976) "Effect of Interviewer's 
Voice Intonation", The Public Opinion Quarterly, vol. 40, no. 3, 
Fall, pp.370-3. 
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collection of data at the level of meanings and hence, again, the sort 
of data that an interactional approach assists. Hence the decision was 
made to utilise an interview approach. At this point I was well aware 
of epistemic objections to the use of interviews, both from ethnomethodo-
logical and from rationalist positions. The ethnomethodological 
objection to interviews is that the interview situation is a form of 
interaction like any other in the sense that shared meanings (between 
interviewer and interviewee) are not to be assumed. Simply refining 
interviewer technique is seen as additional to, rather than the answer 
18 
to, this matter. The problem in terms of collection of data that this 
raises is that this critique tends to lead to a redefinition of the 
interview as a topic rather than it being a resource, which emphasises 
the interview situation itself as the focus of study rather than as a 
means to gather data about some matter. However this critique does not 
spawn a methodology on the basis of which one may ignore the use of 
interviews as a means of gathering information, a lack of which is 
particularly important in the case of a study such as this where other 
primary sources have been investigated and found to be in need of com-
plementation. It does suggest however, that the ability to qualify 
and clarify meanings of questions and answers in the interview situation 
is an important consideration in designing the questionnaire format. 
The second critique, that from a rationalist position, points to the 
18 , ^ 
See A.V. Cicourel (1964) Method and Measurement in Sooiology , 
The Free Press, New York, espec. pp.63-104. The symbolic inter-
actionist critique is very similar to the ethnomethological 
critique. See, for example, N.K. Denzin (1970) The Research 
Aot, Aldine Pub. Co., Chicago, espec. pp.130-41. 
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compatibility of the interview approach (along with many other data 
gathering approaches) with an empiricism in the form of reducing knowledge 
19 
to the experience of human subjects. However this is not a criticism 
of the interview per se, but of the use of interview data in the sense 
of the epistemological status allocated to the responses, (For further 
comment on this matter see the section on "Analysis of Data"). 
Designing the Interview Schedule: 
Once the decision to utilise an interview approach has been made, 
a further decision needs to be made as to the extent to which the 
structure of each interview is fixed, the more structured the interview 
the more standardised the questions asked of each respondent. Denzin, 
for example, refers to the schedule standardised interview (where all 
interviewees are asked the same questions), non-scheduled standardised 
2 0 ^ 
interviews (where certain information is required from all respondents, 
but emphasis and order may vary to suit the individual interviewee) and 
non-standardised interviews (where no specific questions are set 
19 
20 
See, e.g. the discussion of empiricism in B. Hindess (1973) 
The Use of Official Statistics in Sociology , MacMillan, London, 
passim. 
One of the best known variants of the semi-structured approach 
is the "focussed interview" described by Merton, Fiske and 
Kendall. The emphasis in this approach is on determining "the 
definition of the situation" held by interviewees in respect 
to some experience they have had in common. Certain information 
is required of all interviewees, but the way the question is 
asked and the order they are asked in, may vary. R.K. Merton, 
M. Fiske and P.L. Kendall (1956) The Focused Interview, Free 
Press, Glencoe, espec. pp.3-5. 
- 114 -
21 
beforehand). Most methodology texts use very similar designations, 
for example, Selltiz et al. refer to structured, partially structured 
22 
and unstructured interviews, while Bailey refers to structured, semi-
23 
structured and unstructured interviews. A key consideration, in making 
a decision on the degree of structure is whether the intent is to test 
specific hypotheses, in which case a highly structured interview is 
more likely to be used. This thesis employs a holistic, and in part, 
exploratory, approach to the study of solar energy research in Australia, 
rather than an approach geared to the testing of specific hypotheses, 
therefore a highly structured approach is not necessary. However, a key 
argument through the thesis so far has been that a purely exploratory 
approach is not necessary because the studies produced within the 
sociology of science so far, albeit from disparate approaches, are a 
valuable resource in assisting a researcher know what sorts of factors 
seem to be important and hence what particular areas it is likely to be 
Ik 
valuable to probe in the interview. This study therefore makes use 
of a semi-structural interview. An interview schedule was designed and 
21 
22 
23 
2t+ 
N.K. Denzin (1970) op. cit., pp.123-30. 
C. Selltiz, M. Jahoda, M. Deutsch and S. Cook (1959) op. cit., p.264, 
K.D. Bailey (1978) op. cit., pp.174-5. 
By comparison, Mulkay and Edge, in respect of their study of radio 
astronomy, chose to use a non-standardised approach because they 
did not wish to presume what might be key factors. M.J. Mulkay and 
D. Edge (1973) op. cit. For a discussion of their methodological 
approach see fl.J. Mulkay (1974) op. cit. 
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this formed the basis of all the interviews 
The function of the questions was to provide information relevant 
to the two "macro-questions" asked on pp.105-6. The specific questions that 
appeared in the interview schedule were a combination of those considered 
to be of potential utility based on the discussion of past contributions 
in the sociology of science (as presented in Chapter 3), those intended 
to fill in the historical detail of who was doing what, when, and if 
possible why, and those considered to be particularly relevant on the 
basis of the information that had already been accumulated on solar 
energy research. The final version of the resulting interview schedule 
is presented in Appendix B. (Earlier versions were altered on the basis 
of pre-tests and other less specific indicators of needed improvements. 
This version is that which was used in the interviews). In terms of the 
order in which questions were to be asked, it was decided to begin with 
those about their personal involvement, which would allow the interviewee 
to begin the interview on familiar ground. Also, this made it possible 
to introduce the interview by making some comments about the interviewee's 
work. This was of course not particularly technical in nature, but 
where some information was available on the solar energy research that 
the solar energy researcher was doing, and/or had done in the past, this 
was a good way of conveying to the interviewee that he was not randomly 
chosen, but an interviewee of particular interest. To do this meant that 
2h B 
An important point to consider when deciding on whether or not to 
base the interview around specific questions, is that scientists 
will almost certainly conceptualise what it is about a scientific 
field that a sociologist is interested in. This may for example, 
mean that the scientist excludes certain matters as "not what he'd 
be interested in". If therefore, the researcher has any particular 
questions which he believes may raise matters of considerable 
significance, then they should be asked, otherwise the interview, 
if relying on a reactive role by the interviewer, may not cover 
this ground, because of thescientist's notion of significance and 
"what the sociologist is interested in", not because of its non-
si gni ficance. 
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prior to the interviews a "file" on the interviewees was constructed to 
which I referred before each interview. (The extent to which this got 
the interviews off to a good start is not easily determined, but a few 
of the solar energy researchers commented that I had "done my homework" 
^ 25 
which seemed to be a positive form of feedback). 
Choosing a Sample: 
The decision to undertake what amounted to a form of in-depth 
interviewing effectively precluded interviewing the population. While 
75 might be considered marginally small enough to allow in depth inter-
viewing of the population, there were additional circumstances which made 
it an excessive number. Firstly, a trial interview (with the final 
schedule) of a researcher at the A.N.U. took one and a half hours to 
complete. This suggested the prospect, if the population were interviewed, 
of having to transcribe somewhere in the region of 112 hours of tape, 
which, given that the transcriptions had to be done by the researcher 
himself, would have reduced considerably the time available for analysis 
of data. Secondly, the geographic situation, specifically the location 
of Perth, Hobart, Broken Hill and Rockhampton (all where some solar 
energy research was being done) meant that sufficient funding was simply 
not available to allow a coverage of the population. For these reasons 
a more manageable number of between 40 and 50 was aimed at, comprised of 
solar energy researchers in the south and east of Australia. This 
geographic restriction did not greatly reduce the population from which 
Zuckerman used this approach in her study of Nobel Prize winners in 
the United States and found that much the same reaction was forth-
coming. See H. Zuckerman (1972) "Interviewing an Ultra-Elite", 
The Public Opinion Quarterly, vol. 36, pp. 154-5. 
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the sample was to be chosen however, as the excluded area, while large 
in terms of land mass relative to the included area, contained less than 
10% of the solar energy researcher population, and as noted later in 
this section, exclusion of these solar energy researchers did not involve 
exclusion of a research approach that was not represented in the more 
restricted population. 
Restricting the solar energy researchers from which the sample 
could be chosen, to this geographic area, would prevent a random sample 
being used, unless of course the population was redefined in terms of 
the more restricted area. This was not done for several reasons. Firstly, 
the nature of the study does not involve hypothesis testing, therefore 
there is no a priori need to build a statistical basis for extrapolation 
of the sample data to the population. Rather, the intention is to 
cover as many solar energy researchers as possible so as to gather both 
historical data and data which suggests connections. Secondly, the 
nature of some of the questions, specifically those dealing with the 
historical development of solar energy research, meant that there were 
grounds for choosing to interview specific solar energy researchers, 
where information gathered up this point, indicated that they had been 
amongst the earliest solar energy researchers in Australia and hence 
possibly able to supply more of the desired historical detail. While 
a random sample is a good way of finding out about matters of general 
application within a population, it is not sensible to use one in this 
2 g 
situation. On this basis, 12 solar energy researchers were identified 
26 
See, e.g. M. Zelditch Jnr. (1970) "Some Methodological Problems 
of Field Studies" in D.F. Forcese and S. Richer (eds.) Stages of 
Social Research: Contemporary Perspectives, Prentice-Hall, New 
Jersey, pp.254-6. 
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as those whom it was specifically desirable to interview. The decision 
as to whom of the remainder were to be included was made on the basis of 
the assumption that as part of the project was to establish the nature 
of solar energy research that it was desirable to include representatives 
of a wide range of research groups, rather than interviewing all members 
of a few groups. Thus the sample was completed through exclusion of some 
members of projects with multiple members. As a form of sampling tech-
27 
nique this may be designated as a type of purposive sample although this 
normally applies to a sample chosen by the researcher because its members 
are believed to be typical of the population. In this study however, 
individuals have been selected because they are not typical, that is, 
because they are believed to be able to contribute unique information. 
On this basis a sample of 48 solar energy researchers was produced. 
The Interviews: 
Initial contact with these solar energy researchers was made through 
a letter briefly explaining my interest and my desire to interview them. 
The letter was sent priority post which meant that it would be delivered 
the next day. Thus, as the letters were posted at the beginning of the 
week, when following the letter up with telephone contact two or three 
days later it could be confidently expected that the letter would both 
have been received and current enough to be easily recallable by the 
solar energy researchers. The letter had informed the solar energy 
27 
See, for example, W.J. Goode and P.K. Hatt (1952) Methods in Social 
Research, McGraw-Hill, New York, p.231; and N. Lin (1976) Foundations 
of Social Research, McGraw-Hill, New York, p.258. For a description 
of the use of a purposive sample in a sociology of science study 
see W.O. Hagstrom (1965) op. cit., espec. pp.3-7. 
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researcher that telephone contact was to be expected at that time and 
28 
also cited a period in the very near future (only a week or two hence) 
when I would be in their particular city, during which time an interview 
could hopefully be possible. 
The specification of a period was necessary because the financial 
resources were simply not available to allow interviews to be undertaken 
(and hence travel) at a time determined solely by the solar energy 
researcher. The immanence of the period was due to the fact that it 
was hoped that this would increase the ability of the potential inter-
viewee to specify a precise time, because many commitments in the next 
week or two would already be known. Also, with the letter and the 
telephone call having "set the scene",' the longer the next step (the 
interview) was left, the less advantage would be able to be taken of 
this. (The interviewer would have to spend time "resetting the scene"). 
This approach was however by no means decided upon without 
reservations. There was concera that the letter might be read as 
assuming that the solar energy researcher would agree to be interviewed 
("1 shall ring you, ..., later this week to arrange a time") which may 
have been interpreted as presumptuous; that specification of the period 
when I would be able to do the interview might be seen as laying down 
conditions on which the interview would be done, when in fact it was 
he, the solar energy researcher, who was doing me the favour; and 
finally, that the immanence of that period might be seen as pressuring 
the solar energy researcher, or simply be too close to enable free time 
during that period to be found. 
The mailing of the letters to the different cities was therefore 
staggered so that this period was approximately the same in each 
case. 
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In practice, these reservations seemed to be unwarranted. Nearly 
80% of the interviews were able to be precisely arranged for the specified 
periods, and the impression was very much given that the directness of 
the letter was seen, not as presumptuousness, but as "concreteness", a 
positive factor, which facilitated their decision-making. 
Ultimately 44 solar energy researchers were interviewed, including 
40 of the original 48. Of the 8 not interviewed, 3 were overseas for 
the periods of the interviews, 3 should not have been in the sample 
(2 were now outside the geographically defined area, 1 was not, nor had 
been, involved in solar energy research), 1 was not at his office at 
the pre-arranged time, and for the other, it was not possible to arrange 
an interview at a mutually agreeable time. (Only the latter two were 
unknown at the time the interviews began). Three solar energy researchers 
were added to replace the 3 overseas. In the case of one interview, 
two solar energy researchers were present (the only time this occurred) 
one of whom v/as not in the sample and who had not been contacted, however 
as I discovered that his involvement went right back to some of the 
earliest solar energy research in Australia, he was on that basis 
included, bringing the total number of solar energy researchers inter-
viewed to 44. 
Reaordi-ng the Interviews: It was decided to use cassette tapes to 
record the interviews. There is of course a "quid pro quo" in this 
regard, that is, not having to take^notes helps the interview flow and 
is a more reliable record than notes, but being "on record" may inhibit 
responses in sensitive areas. The risk in this latter regard was 
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29 
considered to be one worth taking. The solar energy researchers were 
asked at the beginning of the interview whether they minded it being 
taped and none objected. One interviewee however decided that he would 
prefer that what he had said about the public relations activities of 
one particular group not be recorded on tape and actually halted the 
interview after about 20 minutes to ask me to erase the tape and re-ask 
the question. This was not because of what he saw as errors in fact but 
because he considered that what he had said may be libellous. This I 
did, as to refuse would have served no useful purpose either practically 
or ethically. When I asked the same questions he gave the same replies, 
in effect, but in much less emotionally charged language, in particular 
"suggesting" that certain groups may have undertaken "undesirable" 
activities, however in the light of his previous answers, and comments 
made by other interviewees, it was quite clear, to what in particular he 
was referring. Another interviewee commented at the conclusion of the 
interview, "Well, I've ended up saying more than I intended to say", in 
reference to his comments on the public relations activities of solar 
energy research groups. This was clearly the issue which was most 
sensitive, hence despite the forthcoming nature of most of the solar 
30 
energy researchers in this regard, there is reason to believe that 
these responses are conservative, as there was clearly a real conflict 
in the solar energy researchers' minds between making their feelings 
31 
known and keeping disputes within the scientific community. 
29 
Zuckerman notes that the nobel laureates that she interviewed were 
at ease with tape recorders as they often used them for their own 
work. Many of the solar energy research interviewees, especially 
the more senior academics and CSIRO men, could be similarly 
classified. H. Zuckerman (1970) op. cit., p.169. 
See Chapter 9, "Public Relations in Solar Energy Research". 
31 
See Chapter 9-
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The interviews lasted in length from 35 minutes to 1 hour, 50 
minutes; with both the mean and the mode being approximately 1 hour, 
15 minutes. 
Interview Design Revisited: The semi-structured interview style involved 
focusing the interview around the questions in the schedule, but with 
complete freedom to alter the order of questions and also to add questions, 
for example where clarification of some point was required, as well as 
to make comments where the interviewee seemed to need some response before 
continuing. As the interviews proceeded an ability to insert questions 
at appropriate times was developed, by which is meant that where an 
interviewee mentioned an issue that was to be raised later (according to 
the schedule) the relevant question was introduced at that earlier stage. 
This had the advantage of making the interview noticeably much more 
3 2 
smooth. A second possible advantage, but one that is not easy to actually 
document, is that as the question enters the interview as a request for 
clarification of a matter initiated by the interviewee, one might 
reasonably accept the interviewee to be more forthcoming. 
32 
In the first two or three interviews I tended to keep rather close 
to the written order of questions, which in practice was rather 
clumsy because it meant that some questions that had already been 
at least partially answered, were being asked, which could easily 
be interpreted by the interviewee as inattentiveness or slow-
wittedness on the part of the interviewer. 
Also, it has been observed that respondents in higher status 
positions often tend to react against rigidly structured interviews, 
hence letting the interview flow helped avoid possible problems 
in this regard. See L.A. Dexter (1970) Elite and Specialised 
Interviewing, op. oit. , p. 167. This effect probably relates to 
both the mode of intercourse in which such people normally 
operate and the status differential between interviewee and 
interviewer in many such interviews. 
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Analysis of Data: 
On completion of the interviews the tapes of the interviews were 
transcribed verbatim by the interviewer. The task that was now faced 
was how best to deal with the mass of data now available. The first 
step was to classify the material by subject matter which was facilitated 
by the fact that most of the comments made on specific matters were made 
in response to specific questions asked by the interviewer. Variation 
of the order of the questions between interviews made this task more 
difficult but not greatly so. 
Several of the questions were designed to increase the available 
information on the history of solar energy research, by which is meant 
what was and is being done, where, by whom and if possible, also why. 
The interviews yielded valuable information in this regard, although 
it was by no mieans taken at face value. Awareness existed that such 
data had its limitations; historical accounts are particular reconstruc-
33 
tions of events which can be considerably astray. Even where the 
error of a secondary account is removed, as in the case of this study, 
by questioning those actually involved, one cannot assume that the 3k 
recollections are "non-indexical and context free". However through 
35 
the tviang-ulation involved in this study - in respect of historical 
For example, in their study of the growth of radio astronomy, 
Mulkay and Edge found that scientists' reconstructions of 
significant influences varied from that indicated by scientific 
papers written at the earlier time. This difference Mulkay 
explains as being due to there being a difference between 
historical accuracy and construction of a history based on 
what are considered, ''ex-post facto'' to have been key 
scientific events/discoveries. See M.J. Mulkay (1974) 
op. cit. , pp.109-10. 
R.D. Whitley (1975) op. cit., p.37. 
^^ For a discussion of the merits of triangulation see N.K. Denzin 
(1970) op. cit., pp.26-7, 297-313. 
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data this involves participants' accounts, archival records, government 
reports and scientific papers - the scientists' accounts have been able 
to be checked in many of their details. 
The remainder of the questions may be described as attitudinal 
although to do so would not fully convey the extent of their applica-
bility. For example, the questions on public relations provide two 
sorts of information. Firstly, they provide information on what public 
relations activities have been undertaken, given that other sources 
tend to report only successful public relations which may only be a 
very small percentage of the total. Also, success or failure of the 
public relations activity may be quite independent of the conditions 
which led to the undertaking of such activity. Secondly, the questions 
on public relations provide data at the level of meanings specifically 
the implications that public relations activity has for a scientist 
which is indicated in both the reactions of those undertaking public 
relations and in the comments of other solar energy researchers on such 
activity. 
Before discussing the analysis of data at the level of meanings 
a few comments need to be made on the "status" of meanings. If they are 
important the basis on which this is so should be specified. This raises 
the point of epistemology which is in fact a valuable point to raise in 
that methodologies, in specifying how to collect data, are making, at 
least implicitly, an assumption on what is data, and hence there is 
value in specifying the epistemological assumptions under which a study 
proceeds. In this case two key links are involved; firstly responses 
are seen as yielding information at the level of meanings, and secondly, 
meanings are seen as products of social practice, in this case, thatwhich 
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36 
has been designated "the realm of science". The question on the image 
of solar energy research, for example, provides a great deal of data on 
why fields have images and how such images are attained, which are 
matters at the level of meaning in the realm of science. 
The actual "physical" task of analysis of qualitative data depends 
on the use intended for that data. For example, qualitative data does 
not preclude provisional hypothesis testing through categorisation of 
37 
data in terms of the concepts of the hypothesis. The objective of 
this thesis however was not to test hypotheses, but to utilise the 
responses to the "attitudinal" questions to suggest how one can concep-
tualise the place of solar energy research as a research field within 
the realm of science. To this end categorisation of data was used, some 
categories being explicit in the data, for example, those referring to 
place of work (CSIRO or universities), and profession (engineer or' 
scientist), while others were implicit in the data, for example, those 
36 
Meanings may in fact be more than this, their exact ontology is 
still a matter of sociological debate as the following quote from 
Keat and Urry, exemplifies. 
"[there exists] the necessity of a social theory which, whilst 
involving both interpretive and explanatory understanding, 
unifies these in the analysis of structural relations, and of 
the way in which these affect, and are affected by, the 
subjective meanings of human agents", [my emphasis]. R. Keat 
and J. Urry (1975) Social Theory as Science, Routledge and 
Kegan Paul, London, p.227. 
This suggests also that the level of meanings may be treated as a 
particular type of knowledge, albeit one that needs to be related 
to structure, and that therefore it is inadequate to level the 
charge of, empiricism, ipso facto, at investigation of this type 
of knowledge. (See the comments on rationalism in this regard, 
pp.112-3 of this chapter). 
37 
For a discussion of various means of analysing qualitative data, 
see, B.G. Glaser (1965) "The Constant Comparative Method of 
Qualitiative Analysis", Social Problems, vol. 12, no. 4 , Spring, 
pp.436-445. 
- 125 -
38 
referring to the images held of solar energy research. Once such 
categorisation exists, it is possible to investigate relationships 
between categories of data, which assists an understanding of how and 
why various responses are inter-related. 
To give the reader a better feel of the raw data and also to 
39 
illustrate the point being made quotations are widely used, an approach 
which should assist in what Glaser describes as the perennial problem 
with qualitative analysis, of "conveying the credibility" of the i+O 
explanations being proposed. In particular, use of quotes refers to 
what one may label, internal credibility (or internal validity), that 
38 
In this situation the "reading" of responses has many similarities 
to the "reading" of situations observed through participation 
observation. See, for example, H.S. Becker and B. Geer (1960) 
"Participant Observation: The Analysis of Qualitative Field Data" 
in R.N. Adams and J.J. Preiss (eds.) Human Organisation Research, 
Dorsey Press, Homewood, espec. pp.281-5. 
39 
Quotations are identified by four labels; university scientist 
("university" covering all tertiary institutions), university 
engineer, CSIRO scientist, CSIRO engineer. Such labelling helps 
"situate" the speaker; at the same time the level of collectivity 
used should be sufficient to ensure the promised anonimity. In 
almost all instances where a quote is used to express a view, an 
indication of the number of solar energy researchers expressing 
that particular view is also given. 
One danger with use of quotations is that the views of one or 
two very vocal individuals may dominate. This is partially 
countered through the indication of the number of solar energy 
researchers expressing the particular view, but as a check on 
whether this had in fact occurred. Table 4.1 was constructed. 
This shows that no one individual accounted for more than 6 % 
of the quotes. 
B.G. Glaser (1955) op. oit., p.443. 
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is, whether the interpretation placed upon the statements is considered 
to convey the significance of the statement. As well as this, there is 
the matter of external credibility (external validity), which refers to 
whether the interpretations are an artifact of the particular sample 
studied, or whether they are generalisable to the population. In the 
case of this thesis, some claim to external validity can be made because 
of the fact that a high proportion of the population was actually in 
the sample (44 of the 75). 
able 4.1: requency of Quotat ion 
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5 7 9 12 13 16 23 
Number of Solar Energy Researchers 
26 32 44 
41 
The difficulty that presents itself in this regard is that, as noted 
previously (p.109) it is difficult to define one population as 
uncategorically "correct". As is indicated in Chapter 6 (pp.178-84) 
the nature of solar energy research makes the complexity of this 
matter greater than for most other research fields. 
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Conclusion: 
The chapter has intoduced solar energy research in Australia as 
the focal point of the research aimed at producing a holistic study 
incorporating an understanding of the significance of political/economic 
factors and of factors within "the realm of science" for solar energy 
research. The initial search involved determining the extent of 
availability of data. This showed that a rough framework could be 
constructed but that historical detail was lacking apart from that with 
respect to CSIRO activity which was ascertainable through an archival 
search. Given the relative lack of available historical data and the 
desire to incorporate data at the level of meanings, it was decided to 
utilise an interview format to question solar energy researchers about 
these matters. The particular questions placed certain restrictions on 
the way the sample was chosen, as did geographic factors. As a result 
a purposive sample was selected on the basis of historical significance 
and range of approaches. Data on historical detail and funding was 
able to be subject to triangulation through recourse to government 
reports, archival data, participants' accounts and official government 
statistics. Data on the social system of science was treated through 
use of categorisation of responses, using both categories suggested by 
the data and those pre-existing such as profession and work context. 
Quotes have been widely used to illustrate and reinforce the claims to 
credibility (validity) of the interpretations. 
Collectively this chapter represents a documentation of the methodo-
logical strategy appropriate to the proposed study. In the following 
chapter the report of the results of the study begins, this first chapter 
dealing specifically with the history of solar energy research in Australia, 
CHAPTER 5 
THE HISTORY OF SOLAR ENERGY RESEARCH IN AUSTRALIA 
The central objective of this chapter is to present an account of 
the history of solar energy research in Australia. Stated as succinctly 
as this, the difficulty in the task may be seen to be one of logistics, 
in the sense of organising possibly disparate information from what are 
certainly diverse sources. While this is true, the physical connotation 
reflects only part of the task; the organisation is as much conceptual 
as physical. Thus in constructing the history of solar energy research 
in Australia, while the "core" is a description of what solar energy 
research is now and what it has been in the past, this is done within 
a gaze which asks "why"? It is however not an uniformed querying, rather 
the discussion presented in Chapters 2 and 3 means that "why" is asked 
within a context that seeks to make links with both significant political/ 
economic factors and those cognitive and technological developments in 
science which have implications for the field under study. 
1 
Early Developments in Solar Energy Technology: 
The history of solar energy qua technology usually begins with 
the possibly apocryphal tale of Archimedes' use in 215 B.C. of highly 
polished concentrating mirrors to set fire to an invading Roman Fleet. 
1 
The examples, pp. 128-30, unless otherwise stated, are from 
J.C. McVeigh (1977) Sun Power, Pergamon Press, Oxford. 
For a slightly more detailed history of solar energy research, 
of the pre-modern period, see P.N. Chermisinoff and T.C. Regino 
(1978) Principles and Applications of Solar Energy, Ann Arbor 
Science, Ann Arbor, pp.1-15. 
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There is, however, no doubt that this application of solar energy was 
known by the sixth century; an architect of the period, Anthemius de 
Trailes has left treatises on this, including one entitled, "How to 
construct a machine capable of setting an object on fire at a distance 
by means of solar rays". Further work on this use of solar energy is 
also known to have been done in England in the thireenth century. 
Experimentation with such "solar burners" continued sporadically from 
that period, often the motivation being to test the Archimedian claim. 
(which was confirmed by such experiments as being technically possible). 
The first solar operated water pump was invented by a French 
engineer in the early seventeenth century and the development of the 
flat plate collector is generally attributed to a Swiss scientist, 
2 
Nicholas de Saussure, of this time. By the mid-eighteenth century, 
solar cookers were being designed in France and Switzerland. Then in 
1860, a French professor, August Mouchot, invented a solar engine - a 
small steam engine using steam provided by a parabolic mirror. The 
invention was patented and exhibited in Paris in 1856. Two years later, 
the first solar engine operating on an air cycle was invented and 
3 
demonstrated, in the United States. 
1872 saw the development of a solar still for the desalination 
of water, one such still being operated in Las Salinas, Chile, supplying 
water about one-quarter the cost of a conventional coal-fired boiler 
^ D. Hayes (1977) Energy: The Solar Prospect, Worldwatch Institute, 
New York, p.13. 
^ It is interesting to note that Ericsson, the inventor of the solar 
engine, was in 1876, arguing that solar based technologies would 
be necessary as the world's coal resources diminished. 
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system. In 1878, Mouchot successfully demonstrated the first solar-
operated refrigerator, producing a block of ice at the Paris Exposition. 
Then in 1882 a colleague of his used a small solar powered steam engine 
to work a printing press. That same year saw the patenting in the U.S. 
of a solar energy based space heating system, and the introduction of 
flat-plate collectors followed later that same decade. 
The momentum set up by these inventions remained at quite a high 
level for the next two to three decades during which time there was a 
growing interest within industry, especially in the United States, in 
solar energy technology, and in solar engines in particular. During 
the first two decades of this century, several such engines were designed 
and operated, one of the largest built being used to pump water in an 
1+ 
irrigation system in Egypt. 
By 1920, concern was being expressed at the diminishing known 
supply of oil, but instead of this being an impetus to the development 
of solar technology, the opposite occurred; emphasis was placed heavily 
on development of further oil sources. This meant not simply searching 
for more oil, because it was believed by a large number of experts that 
there was little oil left undiscovered and that the future lay with 
developing processes whereby oil could be obtained from coal and oil-
5 
shales. First this, then the subsequent discoveries on a massive scale 
4 
5 
See also, B. Commoner (1976) The Poverty of Power, Alfred A. Knopf, 
New York, p.139. 
"The Director of the U.S. Bureau of Mines wrote in 1920:- 'All 
the statistics available to me dealing with crude oi1-production 
and consumption ... lead to the conclusion that it is only a 
matter of a few years under existing conditions until there must 
be developed other sources of hydro-carbon oils than the oil-
wells themselves. These sources are limited to high volatile 
coals, cannel coals, lignites, and oil shales.' This opinion 
may he taken as representative of the considered judment of 
every unbiased authority on the future of oil supply, [my 
emphasis]". Institute of Science and Industry (1924) Second 
Report of the Director, Govt. Printer, Melbourne, p.39. 
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of previously unknown oil supplies - which meant the arrival of the era 
of cheap and abundant oil - led to a decline in interest in solar energy 
technology, a decline that was reflected in the level of solar energy 
6 
research being undertaken. 
The examples presented here have been largely those which represent 
important new developments in solar energy technology and are not 
intended in any way to indicate the volume of research undertaken. 
Measurement of such "volume" is difficult, but one useful indicator 
is the number of patents taken out for solar energy devices. The 
following table lists patents granted related to the utilisation 
of solar energy in the U.S., between 1852 and 1931. 
Table 5.1 
(a) 
Solar Energy Patents in the U.S., 1852-1931 
Year No. of Patents 
1852-
1862-
1842-
1882-
1892-
1902-
1912-
1922-
1861 
1871 
1881 
1891 
1901 
1911 
1921 
1931 
3 
4 
10 
21 
26 
30 
35 
26 
155 
(b) Applications 
Flat-plate collectors 
Concentrating collectors 
Storage 
Engines and Pumps 
Distil 1ing 
Cookers 
Heating Systems 
Dryers 
B1eaching 
Thermoelectric 
Health Devices 
Other 
66 
70 
14 
22 
4 
2 
5 
13 
6 
1 
2 
11 
216 
(greater than 156 because 
some inventions cover more 
than one category) 
Source: Adapted from: J.A. Duffie (1955) "Appendix: A Survey of U.S. 
Patents Pertaining to Utilisation of Solar Energy" in F. Daniels 
and J.A. Duffie (eds.) Solar Energy Research, Thames and Hudson, 
London, pp.255-65. 
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Solar Energy Research 1n Australia; The Beginnings: 
In Australia, in the 1920's, there was no solar energy research, 
to decline. But, at the time that solar energy research was declining 
overseas, a type of solar energy research was beginning in Australia 
because of lack of oil, specifically, lack of domestic supplies. The 
experience of World War One had brought home to a number of Australians 
just how dependent many countries, including Australia, were on importing 
fuels, which made Australia particularly susceptible - through reduction 
of oil available through import - to a decline in oil supplies overseas. 
As footnote 5 indicates, the belief in the imminence of this oil shortage 
was certainly also held in Australia. This concern spawned, in the 
late 1910's and right through the 1920's, a growing interest in, and 
7 
debate over, the merits of producing "power alcohol" from organic matter, 
as part of a more general concern with developing new fuel sources. In 
8 
December 1917, the Institute of Science and Industry issued a report 
on the production of alcohol from crops in which it argued for increased 
9 
research and development of this alternative, however the Federal 
6 
7 
(cont'd) 
It is interesting to note that the absolute number of solar energy 
patents steadily rises until the 1920's when there is a substantial 
absolute decrease, which could be read as an illustrative manifesta-
tion of the decline in solar energy research at this time. 
(Determination of the relative change would depend on a comparison 
with the total number of patents in all categories for this period). 
A detailed documentation of these developments is provided in CSIRO 
Archives, Series 10, file 5, fiche 1/36 to 35/36, "Industrial Uses 
of Alcohol Research 1916-1925". 
This organisation was the forerunner of what became in 1926, the 
Council for Scientific and Industrial Research (CSIR) and then in 
1949, the Commonwealth Scientific and Industrial Research Organisation 
(CSIRO). 
Institute of Science and Industry (1922) First Report of the Director, 
Govt. Printer, Melbourne, pp.28-9. 
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government shared little interest, and private concerns were reluctant 
to proceed without government assistance. Then, in 1924, the Queensland 
government decided to provide a £25,000 loan to the International Sugar 
an.d Alcohol Company of London to establish a distillery in Sarina, 
Queensland, for the manufacture of power alcohol, in co-operation with 
10 
the Plane Creek Central Mill Company. The distillery was to be 
"by the nature of a demonstration in order to prove the 
possibility of alcohol production from crops and the price 
at which it can be produced".^^ 
However the era of cheap fuel caught up on these developments as well, 
and the interest in fuel from crops declined and with it most of the 
associated research and development. The distillery at Sarina was built 
and operated but most of its output of ethanol was utilised, not as a 
fuel but for the production of chemicals, although this application 
also became of decreasing importance, with the establishment of the 
petro-chemical industry. 
Solar energy research consisted solely of a residual interest in 
the production of power alcohol from organic matter, until the beginning 
of the 1950's when attention was given in a few research institutions 
to the potential of solar water heaters. The pioneers in this regard 
were Mr. Roger Morse at CSIRO's Central Experimental Workshops and 
Mr. Gregory Grant at the University Engineering Laboratories of Queensland 
University. CSIRO in particular was receiving a growing number of 
Letter from F. Ferry, Chief Secretary's Office, to A. Vyvyan Board, 
Esq., Representative of the International Sugar Alcohol Company Ltd., 
Brisbane, Dec. 5, 1924, in CSIRO Archive, Series 10, file 6, op. cit., 
fiche 1/36. 
^^ Letter from A. Vyvyan Board to The Director, Institute of Science 
and Industry, Dec. 12, 1924, in CSIRO Archive, Series 10, file 6, 
op. ait., fiche 1/36. 
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inquiries about the potential uses of solar energy in outback areas of 
Australia and their inability to provide much in the way of informed 
12 
scientific comment in response, seemed to provide the impetus for the 
initiation of some research in this regard. The work undertaken by 
Mr. Morse followed a suggestion by Dr. F. White, the first Chief 
Executive Officer of CSIRO, that CSIRO construct experimental equipment 
to measure the amount of solar energy which can be utilised by direct 
13 
heating of water. This critical work became the basis of the first 
concerted solar energy research effort in Australia, following a re-
appraisal of the Workshops' role within CSIRO. While the Workshops had 
12 
In 1949 a company intending to set up operations in the Northern 
Territory made an inquiry in this regard to the then CSIR. The 
reply contained the following, 
"I am interested to know that there is a possibility that your 
firm may be undertaking work in the Northern Territory - which, 
if it indicates nothing else, shows that you have a considerable 
degree of courage! I am afraid that you will not be able to 
get any information from C.S.I.R. which would assist you in 
using solar energy for any of the purposes in which you might 
be interested as any work on which our officers are engaged 
would be of a very fundamental nature and I know of nothing 
which would suggest that solar energy can as yet be 'put to 
practical use" [my emphasis]. Letter from Dr. I. Clunies 
Ross, CSIR, to Dr. G.P. Kauzal , Taloil Industries Pty. Ltd., 
Sydney, March 8 , 1949, in CSIRO Archives, Series 3, items 
K/Z 40/2/2, "Utilisation. Water Heating - Solar Heating". 
[Dr. Clunies Ross later that same year became the first chairman 
of CSIRO]. 
1 3 
Letter from R.N. Morse, CSIRO Central Experimental Workshops, 
to the Secretary CSIRO, Oct. 25, 1951, in CSIRO Archives, 
Series 3, items KZ 40/.2/2, op. cit. 
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played a vital role in providing engineering services throughout CSIRO 
following the buildup of industry after World War II, it was considered 
that there was really no long-term future for a group within CSIRO that 
solely provided a service for other divisions. There was therefore a 
need to determine some specific research foci for the Workshops. Three 
areas were chosen to be these foci; solar energy research, comfort 
cooling and agricultural engineering, all three being considered to be 
underdeveloped areas of research given their potential significance 
in the Australian context amongst which geographic and climatic factors 
were the most significant. 
Within the Workshop (which after the re-appraisal became, in 1955, 
the Engineering Section), there was an awareness that solar energy 
research was largely research for the future, although as engineers 
11+ 
Roger Morse explained the decision to focus on these three areas 
as follows, 
"We recognised that Australia was the only modern industrial 
country wholely in the zone 30° North and 30° South of the 
equator. It is outside this zone that all of our industrial 
potential has developed and we said why is this? Is this 
just accidental or are there reasons for it. You can argue 
that when man first came down from the trees and stood on 
his hind legs it was in that part of the world, but, perhaps 
it was only when he began to migrate into the colder and 
more challenging regions that he started to think seriously 
and that the challenge arose which led to the questions of 
production and industry and everything that stems from it. 
You can then perhaps say that one way that you can assist 
the productivity of countries inside that belt is to provide 
artificially the stimulating climate that you get naturally 
in the more temperate regions and so that suggests cheap 
methods of cooling would be a worthwhile research activity 
for a country that has resources within that area. The fact 
that there is so much solar energy available suggests that 
it is an area in which we have a strategic advantage. 
The third research interest that we always thought was 
important to Australia was agricultural engineering as our 
productive wealth over the years had been built up from 
agricultural products and yet there had been very little 
research on agricultural engineering". 
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they were particularly concerned to develop something that could have 
an impact at the present: 
"We said 'what are the ways in which solar energy can make 
its most effective impact now', and it was crystal clear -
it was in solar water heater". (Morse) 
Thus solar water heaters became the focus for solar energy research 
in CSIRO in the mid- and late-1950's. There had been very little interest 
initially from manufacturers, but this slowly began to change, encouraged 
by decisions such as that of the Federal Government to install solar 
water heaters in Government houses in the Northern Territory. By the 
early 1960's, Beasley Industries, S.A., were manufacturing a flat-plate 
1 5 
collector designed by Roger Morse with a selective surface devised by 
Mr. Bob Dunkle^^ and Dr. Don Close. 
At about the time Roger Morse began to become involved in solar 
energy research, Mr. Bruce Wilson, who was at that time head of CSIRO's 
process equipment laboratory, had begun to look at means of desalination, 
in response to numerous letters from people in central Australia who 
were having salt water problems. By 1953 there was a wool boom on. 
15 
16 
The "selectivity" being referred to, is the property of materials 
to absorb radiation of certain wavelengths and to reflect that of 
other wavelengths. A good selective surface is one which has a high 
net absorption (manifest in the forms of heat generation). 
Mr. Dunkle came to CSIRO from the U.S. specifically to do solar 
energy research, which he had begun in the 1940's, but which in 
the U.S., had increasingly led away from his initial interest 
into areas of aerospace/military application. His move to 
Australia was the direct result of this development, 
"It appeared to me that these objectives weren't doing 
much towards solving some of the problems we had with 
regard to solar energy utilisation and I looked around 
for an opportunity to get into an area where I could 
work on solar energy for peaceful uses, rather than 
these borderline cases". (Dunkle) 
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prices were high, and people were very anxious to expand their holdings, 
but were prevented from doing so by the salt water problem. Mr. Wilson 
had been looking at a number of methods for desalination, none particularly 
satisfactory, when he came across an article by Dr. Maria Telkes, an 
American scientist, which referred to distillation by solar methods, and, 
"it struck me that for the centre of Australia this was just 
the thing as it was a simple device and a very effective 
device because there was no storage problem; the solar energy 
was immediately converted into something - water", (Wilson) 
On the basis of consequent experiments and the ensuing report, he was 
invited to give a paper at a solar energy conference in Tucson, Arizona 
17 
in 1955. 
Both his work, and that of Roger Morse, had been very much prag-
matically orientated; solar energy was focused on as a result of the 
existence of an engineering problem and the search for a cheap solution; 
solar being applicable in select, specifically isolated inland, areas. 
There was also, however, some awareness that solar energy might be 
important in the future as an energy source as the supply of fossil 
fuels declined. This was by no means the common view, but at the 
Arizona Conference such a possibility was clearly suggested. According 
Bruce Wi1 son, 
"The limits of oil and coal were quite clearly stated and 
understood at the conference and I think that it was even 
suggested that solar was preferable to nuclear. Many of 
the people in solar energy research in the United States 
in the 50's had worked in nuclear plants and they were well 
17 
B.W. Wilson (1955) "Solar Distillation in Australia", Conference 
on Solar Energy, Proceedings, University of Arizona, Tucson, 
Oct. 31 - Nov. 1, 5pp. 
This conference was followed by a further conference at which 
Roger Morse presented a paper. R.N. Morse (1955) "Solar Water 
Heaters", Proceedings of the World Symposium on Applied Solar 
Energy, Phoenix, Arizona, Nov. 1-5, pp.191-200. 
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aware of the problems of nuclear power. I think they were 
trying to get the United States government to go straight 
into solar power and not into nuclear, even in those days."^® 
However, at that time, there was little reaction to such sentiments 
either by governments or reflected in scientific research. Pragmatic 
engineering concerns remained to the fore, solar energy being utilised 
as a consequence of a problem in those specific applications where it 
could economically compete with existing energy sources. Back in 
Australia, this time in CSIRO's Division of Chemical Engineering, Bruce 
Wilson found himself tackling the problem of inefficient fruit drying 
procedures and was experimenting with various sorts of solar driers in 
an effort to increase the efficiency of the procedure, 
"not for the pleasure of using solar energy, but for solving 
a problem". (Wilson) 
Apart from the CSIRO work, solar energy research was also undertaken 
in the 1950's within the universities, in particular, at the Universities 
of New South Wales, Queensland and Melbourne. At the University of New 
South Wales research was begun by Charles Sapsford on flat-plate 
collectors while also collecting data on solar radiation levels. There 
also Professor C. Milner and Mr. (later Dr.) John Giutronich began work 
on a very high temperature (3,000°C) solar furnace, a project which 
arose because Mr. Giutronich was on the lookout for a Ph.D. topic and 
the Australian Atomic Energy Commission at that time wanted a very high 
temperature furnace as a research implement. Such a furnace was built, 
but for technical reasons never used for the purpose for which it was 
There was in fact a major government report produced in the United 
States in 1952, by the President's Materials Policy Commission, 
which strongly advocated the development of solar energy based 
technologies. President's Materials Policy Commission (1952) 
Resources for Freedom vol. IV, The Promise of Technology, U.S. 
Government Printing Office, Washington, D.C., June. 
- 139 -
built. In the process, however, a great deal was learnt about performance 
and construction of concentrating (specifically parabolic) collectors. 
At the University of Queensland work began in the Department of 
Mechanical Engineering, which in 1958 was looking for a new research 
project. It was decided to go into solar air-conditioning, both because 
it was relevant to the tropics and because it could utilise the flat-
plate col lector work done previously in the department by Mr. Grant, but 
which, unlike the early work in CSIRO, had not yet become the basis of 
subsequent research. At the University of Melbourne, solar energy 
research began in 1958 as a result of the interest of Dr. Patterson of 
the Mechanical Engineering Departm.ent in the energy area in general. 
Research, extending into the early 1960's, covered a wide range of areas 
including design and construction of a triple paraboloidal mirror rig 
for evaluating fields of concentrating collectors, and research on silicon 
cells, thermionic and thermopile devices, and solar boilers. It was 
therefore probably the first institution in Australia at which a wide 
"energy" approach was taken. 
The 196Q's: 
19 
At the CSIRO Engineering Section work expanded in the early 1960's 
into solar air-conditioning and space-heating (using rock bed storage) 
and in the mid-1960's into measurement of solar radiation and research 
into solar cells. The work on air-conditioning and space heating systems 
was dropped in the mid-1960's although that on some components - heat 
exchangers and dehumidifiers - continued until the beginning of the 1970's. 
1 9 
In November 1963, the Engineering Section became the Division of 
Mechanical Engineering. 
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Also, work on small-scale solar distillation had all but ceased by the 
mid 1950's; it had been taken to the stage where stills were being 
produced; from the research point of view, it was not considered worthy 
of further effort. Cost and maintenance problems coupled with the end 
of the farming boom reduced the external interest in solar distillation, 
although it remained a research interest within the Division, in the 
form of the development of large-scale stills, such as the one which 
was built according to CSIRO design, at Coober Pedy, to supply the town's 
fresh water. Swimming pool heating, an interest which had developed in 
the 1950's, continued until the later 1960's when it was dismissed as 
being inappropriate as its application was labelled a luxury use. 
However, the early 1950's were much more productive years at the 
Division of Mechanical Engineering than is generally acknowledged. Their 
solar energy research was beginning to branch out into new areas before 
a decline set in, in the late 1950's. It was the sort of decline which 
occurs, according to one of the solar energy researchers who was in the 
Division at the time, when innovative work is undertaken, and 
"nothing seems to come out of it - no-one seems to be 
i nterested". 
As a result - in the terms of one of those involved - "we almost went 
into a limbo". During the years 1958-71 the solar program was almost 
phased out following a policy decision in the Division to direct resources 
away from solar energy research and into other aspects of the Division's 
activities. 
Similar problems were being encountered elsewhere. In the Division 
of Chemical Engineering, little solar energy research was done except 
the work of Mr. Bruce Wilson in the mid-1950's on the performance of 
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solar ponds in salt production. At the University of Queensland, 
Department of Mechanical Engineering, the v/ork by Dr. Norm Sheridan and 
others on air-conditioning, had cuminated in the development and instal-
lation of a working system, but the project was pursued no further as 
market studies indicated that there was not a sufficient demand for 
air-conditioning in Australia at that time. In 1969 the Department 
nearly decided to pull out of solar energy research due to the lack of 
interests and of funds. 
At the University of Melbourne, Department of Mechanical Engineering, 
this general decline in interest in solar energy technology resulted in 
a decision to change the emphasis from the previous "long-term view 
research" to one of emphasis on low and medium grade heat devices and 
systems which could be expected to be more applicable in the short-term. 
In 1966 Mr. Bill Charters set up a research stream concentrating at first 
on flat-plate air-heating devices and expanding later into water heaters, 
solar heat pumps and air-conditioning systems. In particular it was 
believed that a lot of the existing solar energy equipment had not been 
properly designed from a heat transfer point of view so the heat mass 
transfer aspects involved in the performance of such equipment became a 
central interest as a precursor to the redesign of solar energy equipment. 
At the University of New South Wales in the early sixties, the 
work begun in the late 1950's was continued; research in the School of 
Physics being centred around the now completed 5kw solar furnace while 
in the School of Mechanical and Industrial Engineering the focus remaining 
on solar radiation measurement and flat-plate collectors. In the mid-
1950's however, research expanded to include work on silicon solar cells, 
air conditioning and swimming pool heating. 
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During the 1960's solar energy research also began at the University 
of Western Australia's Department of Mechanical Engineering, focusing on 
solar distillation, but involving also the recording of solar radiation; 
and at Monash University's Department of Mechanical Engineering the 
latter case being due largely to the fact that some CSIRO solar energy 
researchers spent some time there studying heat transfer problems relevant 
to solar energy. 
Overall, however, the 1950's for solar energy research were largely 
characterised by unfilfilled promise. The later 1960's, in particular, 
were not very encouraging years for those in solar energy research. When 
solar energy could not compete on pragmatic, economic grounds in the 
1960's, there was little "allocation of grace" to the research because 
it was dealing with a renewable energy source. The early and mid-1960's 
in particular were, in the words of one of the researchers, a time of 
"technological euphoria and resource euphoria and anyone that 
said we were going to run out was regarded as a nut ... It was 
a time of exploitation of non-renewable resources which were 
deemed essentially infinite". 
In the 1960's solar energy was still seen very much as the technology for 
isolated locations. 
The 1970's: 
The early 1970's saw the beginnings of what was to become manifest 
in the mid-1970's as a resurgence of interest in, and participation in, 
solar energy research. The growing awareness of the "energy problem" gave 
solar energy research a new relevance which, while it did not actually 
replace the limited concerns of solar energy research in the later 1950's 
and early 1960's, certainly made explicit the more generalisable concerns 
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20 
which had remained largely implicit prior to the 1970's. 
While on sabatical leave in the United States in 1971, Professor 
Watson-Munro from the School of Physics at Sydney University had become 
exposed to the developing interest in solar energy research in the United 
States and on his return to Australia submitted a program to the Australian 
Academy of Science for the examination of what Australia could be doing 
in this respect. (The Academy appointed a committee to look at solar 
energy research in Australia [Professor Watson-Munro was appointed 
chairman] and this culminated in the 1973 Report, Solar Energy Research 
. 2 1 
in Australia). 
In October 1973, the interdiscipiinary Sydney University Energy 
Research Centre was established, which was to involve physicists, chemical 
and mechanical engineers, biological scientists and biochemists, in solar 
20 
21 
In 1971, for the first time ever. Solar Energy Progress, the journal 
of the Australian and New Zealand Section of the International Solar 
Energy Society, to which most of the then solar energy researchers 
belonged, included an editorial which quite clearly proposed solar 
energy as an alternative to "our present wasteful and destructive 
methods of energy and resource utilisation" (p.3). The following 
year, both the Foreword and the Editorial spoke of growing energy 
problems - "the looming crises" (p.2). In 1973 the "energy crunch" 
(p.2) is spoken of as having arrived and the question is asked 
"How much of our energy consumption can be supplied from renewable 
resources?" (p.3). 
References: Australian and New ZealandSection of the International 
Solar Energy Society (1971, 1972, 1973) Solar Energy 
Progress in Australia and New Zealand, x\os. 10, 11, 12, 
respectively. 
Australian Academy of Science (1973) Report No. 17, Solar Energy 
Research in Australia, Australian Academy of Science, Sept. 
The Report called for an increased activity in the wide range 
of areas of solar energy research. 
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energy research. (This was not however the beginning of solar energy 
research at Sydney University, some work on a high temperature concen-
trating collector had been done during 1972, and a Ph.D. student was 
currently involved in research on, and the building of, a metallic mesh 
22 
selective surface). 
Within the Physics School, the decision was made to concentrate 
initially on selective surfaces and additional solid-state physicists 
were employed, especially to tackle this task with assistance on 
the fundamental side, from theoretical physicists within the department. 
The physics group began work in January 1974, in the words of one of 
the group, 
"with very little equipment, no technical assistance, 
very little idea what to do even", 
but in agreement that they wished to develop approaches to solar energy 
utilisation that were qualitatively distinct from the flat-plate technology 
approach on which most previous solar energy research in Australia had 
been based, and in particular, technologies that would enable the 
attainment of temperatures high enough to give the technology widespread 
industrial applications. One of those involved, explained, 
"We decided early in the piece we had to make a big jump 
forward. We started off looking at selective surfaces, we 
looked at the ordinary flat plate collector and realised 
that putting a selective surface on them improved per-
formance, but not that much - it's hardly worth it. The 
only way you can make a selective surface achieve its true 
potential is remove the convective loss so we realised we'd 
have to look at evaculated collectors. From there you're 
more or less forced to pick all glass because of the need 
22 
Selective surfaces accept radiation of certain wavelengths and 
emit only those others. (see footnote 15) 
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to keep a vacuum for 20-odd years - then you realise this 
thing's really cheap because the only material you've got 
here is glass and it is one of the cheapest materials. So 
you have this potential of getting high temperature and 
possibly reducing cost, which is a pretty strong approach". 
This particular approach was not new, it had already been developed 
by the American glass company Owens-Illinois, but the Sydney group, by 
concentrating on two aspects - the selective surface and deposition 
techniques appear to have substantially improved the technology. Whereas 
the Owens-Il 1 inoiscol 1ector used chromium oxide, the Sydney group 
utilised various metal carbides, which had the advantage of greater 
stability. The most significant change, however, was that of the 
deposition technique (the method by which the selective surface is 
applied to the collector surface of glass or metal). Beginning in mid-
23 
1974 experiments had begun with sputtering (a technique common in 
plasma physics) as a deposition technique and as a result of the success 
with this technique, the Sydney group have become more or less committed 21+ 
to this approach. 
23 
Sputtering - a method of depositing thin films of metal or metal 
compounds. It involves a metal target, for example, copper, in 
a vacuum chamber with a gas such as argon at low pressure in the 
chamber. A larger negative potential is put on the target and 
because argon gas is in the vicinity, positive ions are attracted 
towards the target and smash into it displacing atoms from the 
target, and these atoms, (copper) are desposited on the glass or 
metal that is required to be coated. The shape of the target 
varies with the shape of the object to be coated. 
21+ 
Prior to the success with this technique, selective surfaces 
were applied by evaporation. Owens-Illinois used this method 
although recently they too have begun research into sputtering 
as a deposition technique. 
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As well as the work being done in Physics (with some assistance 
from Mechanical Engineering) work also began elsewhere in Sydney 
University. In the Department of Biochemistry, research began on the 
production of methane through anaerobic fermentation of plant material, 
while in the Departments of Biological Sciences and Chemical Engineering, 
work began on a feasibility study which checked the Academy Report data 
to see if it was feasible to use various forms of bio-mass as energy 
sources. As a result of this study, research began in Chemical 
Engineering which concentrated on two aspects - utilisation of wastes 
and the growing of special crops as energy sources. The former involved 
"on-site" anaerobic fermentation of wastes to methane and a pilot plant 
for this purpose was built at Berrima. Emphasis was placed on getting 
food (in the form of algae) as well as energy from the waste. The 
emphasis on their crop research has been on ethanol production from 
starch and sugar-based crops, in particular, cassava (a tubular starch 
crop similar to tapioca) has become the focus of research as it grows 
on arid soils, requires little water or nutrients and is very resistant 
to diseases and hence does not require the displacement of existing or 
potential crops from fertile land. In Biological Sciences the use of 
low-grade forest as an energy crop became the focus of a small project 
on nutrient sampling and the constant nutrient usage that would be 
2 5 
required to maintain a forest as an energy crop. 
2 5 
The use of cellulose based crops has been rejected by the 
researchers in Chemical Engineering as being inappropriate 
because of the high cost of turning them into fuel. 
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At about the same time the University of Sydney group was set up, 
solar energy research began also at the New South Wales Institute of 
Technology in a group headed by Professor Terry Sabine (Department of 
Physics and Materials) and where early interests developed along two 
lines - production of an evacuated tube collector intended for use in 
refrigeration or air-conditioning systems, and the production of cheap 
26 
cadmium sulphide photovoltaic cells by electro-chemical deposition. 
The first of these interests obviously had some close parallels with 
the Sydney University physics work and in fact it was proposed at one 
time that Sydney would do the fundamental work on selective surfaces 
and deposition techniques and that the Institute would use them, but 
this co-operative exercise never really got started. The Institute 
group got onto an electrolytic method for depositing layers of selective 
absorbers (which B.H.P. had developed for coating wire) and found that 
it was good. The work on evacuated tubes was dropped at the end of 
1976 with the emphasis moving to solar air-conditioning systems 
based mainly on systems using chemically coated stainless steel flat-
plate collectors. Based on this research, a system providing both hot 
water and air-conditioning has been manufactured by Snowside Solar (Aust.) 
Pty. Ltd. and incorporated in the building of a $1.5 million medical 
centre in Bank^stown, New South Wales and which is expected to provide 
75 percent of the centre's heating and cooling (a gas-fired boiler acts 
as the backup). Connection with Snowside is to be continued through 
26 
A photovoltaic cell converts solar energy directly to electricity. 
It consists of an extremely thin slice of (usually) silicon between 
two metal electrodes. When exposed to sunlight, the electrons in 
the silicon set up an electric current which is "available" through 
the electrodes. For a description of this process see B. Chalmers 
(1976) "The Photovoltaic Generation of Electricity", Scientific 
American, vol. 235, no. 4 , Oct., pp.34-43. 
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its funding of research at the New South Wales Institute of Technology 
into the development of improved solar powered generators. Research 
involving analysis of selective surfaces has continued and facilities 
for performance testing of flat plate and concentrating collectors have 
been established. 
Another new entrant - in 1972-3 - was the research group in the 
Department of Engineering Physics in the Research School of Physical 
Sciences at the Australian National University (A.N.U.). Mr. (later Dr.) 
Garden had recently completed several years of work on the production 
of very intense magnetic fields and was on the look out for a new 
research project. Initially he considered working in the fusion related 
work that was being done in the Department but was not attracted by the 
long-term nature of the research. After discussion of a number of 
alternatives with Professor Kaneff, the Department head, they jointly 
agreed on the value of investigating the feasibility of large-scale 
solar energy technologies which they both believed would be necessary 
if solar energy technologies were to play a major role in the provision 
of energy. Research has covered computer control of arrays of mirrors 
and the transportation and storage of solar energy by thermal and 
thermochemical means, which has involved investigating the utilisation 
of high temperatures directly, its utilisation to produce electricity, 
and utilisation of heat to dissociate ammonia, the resulting hydrogen 
being directly available as a fuel, or if recombined with the nitrogen, 
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27 
providing heat (the reaction is exothermic). 
A considerable and somewhat diverse effort in solar energy research 
also became established at Flinders University in Adelaide, after 1973, 
when the Institute of Solar and Electrochemical Energy Conversion was 
formed, and which covered a range of disciplines. Early work covered 
fuel cells, selective surfaces for high temperature applications and 
energy conversion in photosynthesising systems. The majority of the 
work has been very much of a fundamental nature. Research is being 
continued under what is now the Institute of Energy Studies and includes 
wind power research, specifically research into the effectiveness of 
large wind turbines for the generation of electricity, which in turn 
28 
could be used to produce hydrogen (by electrolysis) from water. 
27 
28 
"The process, based on the dissociation and synthesis of ammonia, 
employs a field of paraboloidal mirrors which can track the sun 
and concentrate the solar energy onto a reaction chamber wherein 
the ammonia dissociates in the presence of a catalyst in an 
endothermic reaction. The reactants emerge from the chamber 
after passing through a heat exchanger in which the incoming 
ammonia is heated prior to dissociation, thereby enabling the 
nitrogen, hydrogen and ammonia to be transported around the 
system at ambient temperature without insulation. The reactants 
are conveyed to a central plant where they can be recombined 
to form ammonia, the exothermic reaction providing heat which 
may be used in a number of ways, or the reactants may be stored 
and recombined later". S. Kaneff (1976) "The Australian 
National University Solar-Ammonia Project" in The Australian 
and New Zealand Seatioyi of the International Solar Energy 
Society (1976) op. ait., p.29 
At present they plan to store the resulting hydrogen and nitrogen 
underground, although in this regard they still have to carry out 
detailed diffusion studies on rock formations and surface leakage 
problems. 
One of those involved in the wind power research, Mr. Leslie 
Mullet, was involved in the measurement of wind velocities in 
South Australia, in the 1940's and is probably Australia's 
pioneer in this particular work. 
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At the already established sites of solar energy research there 
was a resurgence and expansion. At the Division of Mechanical Engineering, 
CSIRO, the early years of the 70's saw a continuance of the concern with 
domestic hot water applications, distillation and air heating in the 
form of the design of a kiln for timber drying. In 1970, the Division 
of Mineral Chemistry became involved when they were asked by Mechanical 
Engineering if they would look into the chemistry of the existing 
selective surface being used and/or to find alternative surfaces, for 
at this stage it was not known by the researchers at Mechanical 
Engineering what the selective surface they were using was. It was 
being made from a textbook specification for blackening copper objects 
for decorative purposes. The selective surface was identified (as 
cuprous oxide, plus c little cupric oxide), and an improved surface 
(chromate treated copper black) developed which would be applicable to 
low temperature applications (up to about 60°C) but which broke down 
rapidly at higher temperatures. 
It was at this stage (1974) that CSIRO was becoming aware of the 
need to move into industrial solar applications, as the energy crisis 
of late 1973 - early 1974 had, amongst other things, highlighted the 
amount of oil used for industrial heating, however for solar technology 
to contribute usefully in this regard, a more stable selective surface 
was required. Research aimed at developing such a surface was undertaken 
at the Division of Mineral Chemistry and resulted in the development of 
a chrome black surface which was extremely temperature stable and as 
such very suitable for application in, for example, space heaters and 
evacuated tube collectors. They were given the opportunity to experiment 
with its application in the latter as a result of a decision that they 
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and Mechanical Engineering should look at evacuated tubes. (The design 
was done at Mechanical Engineering, the construction and selective 
surface aspects was done at Mineral Chemistry). However research into 
the viability of the evacuated tube approach has not attained great 
significance relative to CSIRO's total solar energy research. The 
selective surface however has subsequently been widely used by solar 
energy researchers throughout Australia, at B.H.P., by Mechanical 
Engineering at the University of Western Australian, within CSIRO, by 
the University of Melbourne, and it has been investigated by others, 
for example, the University of Sydney Physics group. The Division of 
Mineral Chemistry are also collaborating with a large electro-plating 
company to get this service commercially established on an automatic 
production basis. 
The industrial focus was part of a resurgence at the Division of 
Mechanical Engineering which led to a reintroduction of old interests 
such as heat exchangers and de-humidifiers as part of renewed interest 
in open-cycle cooling systems (in collaboration with the University of 
Wisconsin), swimming pool heating (1976-7), the use of adsorbent beds 
for energy storage in heating systems. Work on the development and 
improvement of solar energy water heating systems continued on through 
this period. Work also began on an energy audit of selected Australian 
industries to establish just how much energy is used, for what purposes, 
how much is wasted that could be conserved, how much of the energy comes 
from oil and gas etc., as a basis for an investigation of the potential 
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29 
for industrial solar energy applications; this work being supervised 
by the Solar Energy Studies Unit (since 1978, the Solar Engineering Unit) 
established in 1973, and headed by Roger Morse. 
New interests were established, especially in the area of computer 
simulations of solar energy systems, collector testing procedures (a 
natural extension of the former given its need for performance figures), 
whilst attention was increasingly being given to a systems approach, 
integrating heating and cooling. Other divisions became involved in 
solar energy research, with respect to photovoltaic cells (Materials 
Science and the Minerals Research Laboratory), photochemical processes 
(Applied Organic Chemistry, and the Minerals Research Laboratory), bio-
chemical conversion (Chemical Technology and the Minerals Research 
Laboratory) and biomass (Chemical Technology, Food Technology, Chemical 
30 
Engineering, Building Research), and wind power (Applied Mathematics). 
29 
On the basis of the initial work in respect of the food processing 
industry (1974), in 1977 a development and demonstration installa-
tion was established to heat water to warm cans at the Coca-Cola 
factory at Queanbeyan, New South Wales. The second industrial 
demonstration installation was established in 1978, heating water 
for a beer pasteuriser at the Southwark Brewery in Adelaide, 
South Australia. 
30 
This wind power interest came about as a result of Dr. Mark 
Diesendorf's participation in an inter-divisional working group 
which was given the task of investigating means of supplying 
power and water in inland aboriginal settlements. While working 
on the optimisation problems involved in a wind power system 
(specifically for pumping of borewater by windmills), it became 
clear that mathematical analyses could be expanded to include 
problems dealing with storage and from there to the question 
of the potential for feeding wind generated electricity into 
an already existing grid system. The Division of Mechanical 
Engineering also, in 1978, began to investigate the potential 
for wind power in Australia. 
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At the University of New South Wales Mr. Sapsford maintained his 
involvement in the recording of solar radiation and in the development 
and testing of solar water heaters, along with a developing interest 
in applications in underdeveloped countries. Dr. Giutronich's work was 
31 
now centred on non-tracking concentrators intended, in particular, 
for industrial heating. (The solar furnace on which he worked previously 
was dismantled in 1971). Within the School of Physics, research expanded 
to include work on solar energy decomposition of water using semi-
conductors for the generation of electricity; and stationary prismatic 
concentrators. 
In the Department of Mechanical and Industrial Engineering, as 
well as Mr. Sapsford's work, work began on thermo-syphon flows which had 
direct relevance to collector surfaces; a test rig for rating solar 
collector panels was developed (and some consulting for manufacturers 
done, with this equipment); computer modelling of solar energy systems; 
and optimisation of selective surfaces. Within the School of Electrical 
Engineering, work began on the direct conversion of solar energy for 
electricity using photovoltaic cells; specifically on the development 
32 
of a new type of silicon solar cell and which has been deemed suffic-
iently promising to receive the largest ARGC grant for solar energy 
research in 1978 ($62,729 out of a total ARGC grant to solar energy 
research of $244,000). 
31 
32 
In a non-tracking system the trough shaped collector is placed 
such that the sun goes across the mouth of the trough. The system 
has an "angle of acceptance" within which it will accept and use 
solar radiation. A concentrator may be built such that it accepts 
the sun's radiation for the whole year at a concentration of Ih-
They work better for certain angles so what can be done is to set 
up the system such that the best performance will occur at a specific 
time of year, to suit, for example, the demand cycle. 
M.A. Green, R.B. Godfrey and L.W. Davies (1976) "The development 
of metal-insulator-semi-conductor solar cells". The Australian 
Physicist, vol. 13, pp. 177-9.' 
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At the University of Melbourne, Department of Mechanical Engineering, 
work in the 1970's (in particular, since the mid-1970's) has covered a 
very wide range of areas including selective surface studies, comparative 
tests of flat plate and concentrating collectors, solar heat pumps, 
performance of honeycomb solar collectors, development of a solar heat 
pipe, fundamental heat transfer studies and passive solar energy systems, 
work being organised in two separate streams of research and design and 
development, with computer modelling being used widely. The solar heat 
pump (for air-conditioning) has developed to the stage that negotiations 
have already taken place with a local company on the matter of its 
manufacture. 
At the University of Queensland very little solar energy research 
was done in the early 1970's. The air-conditioningwork being done in 
Mechanical Engineering has ceased and the only work being done there 
concerned the solar heating of swimming pools and thermal design of low-
cost housing. Apart from this, Professor L. Lyons in the Department of 
Chemistry had been doing work on the photovoltaic effect in organic 
materials, the sort of research which began to be more consciously 
thought of as solar energy research as the "energy situation" developed. 
In 1973 the mul ti-discipiinary Solar Energy Research Committee was formed 
to promote solar energy research in the university and the funding of 
that research. Work began (interdepartmental) on the development of a 
thermal-electrical solar power module which could find application in 
a variety of situations - isolated farms, isolated towns, urban dwellings, 
providing hot water (domestic), space heating/cooling and electricity. 
Within the Department of Mechanical Engineering solar energy research 
relevant to domestic-water heating was re-established and techniques 
for evaluating collector performance and methods of boosting flat-plate 
collector performance have been investigated. 
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The Department of Electrical Engineering had, for some time, been 
involved with the problems of supplying power to isolated inland areas 
(the electrical power companies had funded a high-voltage laboratory at 
the university to assist such research) and in 1974 as part of their 
investigations into alternatives to the expensive transmission line 
approach they began to look at solar power plants as a likely alternative. 
Together with Mechanical Engineering, they studied a system involving 
collectors at about 100°C, a turbine driven by chloro-benzine vapour 
and an Israeli designed and built engine. This was followed by computer 
simulations of the system using different components. A satisfactory 
system was developed but at twice the cost of the existing transmission 
line approach which nearly led them to drop the research, but it has 
been continued, this decision being assisted by recognition that 
alternative solar energy projects are in many cases even less cost 
competitive, but are continuing in the belief that cost relativities 
will improve. 
The early 1970's had also been very quiet years at the University 
of Western Australia. In 1973 work began in the Department of Physical 
and Inorganic Chemistry into the suitability of the photogalvanic effect 
for the conversion of solar energy into electricity, but the 
solar energy effort in general was minimal until 1976 when the Department 
of Mechanical Engineering expanded its solar energy program (which 
previously had centred mainly around distillation) to include studies of 
selective surfaces and the provision of electricity and air-conditioning 
in isolated areas (similar work began at the Western Australia Institute 
on Technology, Department of Electrical Engineering in 1975). 
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As well as the expansion of solar energy research in tertiary 
33 
institutions and CSIRO, other government bodies became involved, in 
particular Telecom whose interest lay in the development of a large-
st 
scale, photovoltaic array based, power plant for use in isolated areas. 
Also a number of private enterprise concerns began to become involved 
3 5 in solar energy research. The largest of these (in terms of expenditure 
The coverage of solar energy research in tertiary institutions and 
in CSIRO has aimed to be comprehensive up until the post "energy 
crisis" period (1973-4) after which time the number of solar energy 
researchers increased considerably. As shall be explained in more 
detail in Chapter 6, this has been due not simply to more people 
undertaking solar energy research, but also because the concep-
tualisation of what constituted solar energy research in fact 
changed. That is, more researchers could label research that 
they had perhaps been doing for several years, as solar energy 
research when they would not have utilised this label in the 
past (see Chapter 5, espec. pp.151-2). One effect of this 
expansion has been that I have necessarily restricted details 
of what solar energy research is actually being done in tertiary 
institutions and CSIRO in this period to a non-comprehensive 
coverage in terms of institutions and individuals involved, but 
have chosen those vesearoh projects which collectively present a 
comprehensive picture of the scope of solar energy research in 
Australia. 
^ ^ See, A.L. Holderness (1978) "Solar Power for Telecommunications", 
Search, vol. 9, no. 4, April, pp.143-7. 
^^ In June 1978, the Department of National Development produced a 
directory of the solar energy research being done in Australia 
at that time and it indicated that solar energy research was 
being done in 9 CSIRO Divisions or Units, 5 other public sector 
bodies, 33 tertiary departments (in 16 different institutions) 
and 10 private sector companies. (These figures exclude 2 
tertiary departments, 3 private sector companies and 1 government 
department, whose only solar energy activity is related to 
architecture, education, manufacture, rating equipment or 
watching briefs, but which were included in the Directory). 
Department of National Development (1978a) op. cit. 
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36 
on R&D) is BHP who became involved in solar energy research because of 
the high cost of supplying energy in remote mining towns and the possi-
bility that solar energy technologies may be effective in this regard. 
Having already established expertise in the application of coatings to 
steel (for corrosion resistance and colouring) they begun applying this 
expertise to the study of deposition in chromium/chromium oxide selective 
surfaces on steel and stainless steel, in an attempt to develop an 
37 
improved flat-plate collector. The resulting collector proved to be 
satisfactory but not actually an improvement on existing collectors. 
BHP then initiated the formation of a group of 13 companies with mining 
interests which contributed to funding of solar energy research of mutual 
33 
interest, in particular, collector development (both flat-plate and 
"boiling tube" types), air-conditioning (in co-operation with the Yazaki 
Corporation of Japan), and conversion of solar energy to mechanical 
power, the research being done largely by BHP, although in 1978 they 
39 
were joined by The Solar Research Institute of Western Australia. 
36 
37 
38 
39 
For details of funding of solar energy research by private 
enterprise, see Chapter 8. 
This research was done in collaboration with the New South Wales 
Institute of Technology group (see pp.147-8 of this chapter), 
whose task was the analyses of the physical properties of the 
selective surfaces. 
The research is co-ordinated through the Australian Mineral 
Industries Research Association (AMIRA). 
See Senate Standing Committee on National Resources (1977) 
Report on Solar Energy, Canberra, May, pp.44-5, and 59. 
For details see BHP (1977) "Submission to Senate Standing 
Committee on National Resources - Solar Energy", unpublished, 
R.G. Ward (1977) "Solar Energy - The Alternative for Low-
Grade Heat", Paper to BHP Symposium, Sept. 26. 
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Other private sector solar energy research includes that being done 
by Amalgamated Wireless (Australia) Ltd. who have been doing research 
into improved techniques for direct conversion of solar energy by photo-
voltaic and thermo-electric means. (Their work is connected with that 
done by the Department of Electrical Engineering via Professor Lou 
Davies, who is also head research scientist for AWA), and by Aerodyne 
Corporation, in Adelaide, who have been experimenting with wind power 
and have built an experimental wind turbine and further are planned, 
(Their turbine differs from that proposed by the Flinders University 
Group in that it incorporates a radical design which keeps the turbine 
40 
rotating during periods of very low wind speeds). 
The Changing Nature of Solar Energy Research and Solar Energy 
Researchers, 1950 - 1978: 
As solar energy research spread to an increasing number of 
institutions. Divisions and Departments, etc., an accompanying qualita-
tive change had occurred in both the research being done and those doing 
it. By qualitative I do not mean that better research was done and 
better researchers became involved, rather, that the universe of what 
one would define as solar energy research or as a solar energy researcher 
underwent a change. 
In the 1950's, solar energy research in Australia was dominated 
by engineers almost to the exclusion of scientists, and whilst there was 
some awareness of "energy issues", solar energy research existed largely 
as the search for technical answers to problems that were very marginal 
The other private sector companies involved are Pilkington, ACI, 
ICI, Alcoa, Beasley Industries, S.W. Hart, Comalco, CSR and 
Applied Research of Australia, Philips. 
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to mainstream energy matters - fruit drying distillation, comfort 
cooling - matters which were marginal not only in the sense of being 
confined to a narrow range of applications, but also in terms of the 
climate in which many of the solar energy technologies were intended 
to be applied. Not surprisingly, therefore, of the 7 solar energy 
researchers in my sample whose involvement in solar energy research 
began in the 1950's, 6 put their initial involvement down to very 
pragmatic matters - solving a specific technical problem, or in the 
case of two of them, simply taking up the research that was being done 
in the institution that they had recently joined. 
During the early to mid-1950's the pattern did not change greatly, 
engineers remained clearly dominant. Awareness of the potential of 
solar energy research was growing but for the most part this was still 
far from a pervasive theme. Both these features are illustrated by the 
seven solar energy researchers in the sample whose involvement began 
during this period. Firstly, all seven are engineers; secondly, four 
of them began their research in places where solar energy research was 
already underway, but the choice, from what was in most cases a limited 
range of research options was for three of them, assisted by a belief 
in the developing importance of solar energy research: 
"I could see the potential for solar energy and had 
identified some areas which were not satisfactorily 
being dealt with". (university engineer) 
The fourth, on the other hand commented, 
"I wanted to do research engineering ... It wasn't at 
that time some great commitment to solar energy - I 
didn't know anything about it". (CSIRO engineer) 
For the remaining three, their involvement came about through being asked 
to assist by already established solar energy researchers. 
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Between the late 1960's and 1972-3 there was very l i t t l e solar 
energy research a c t i v i t y , but when i t did have a resurgence i t was in 
many ways a d i f ferent research f i e l d . This i s true in at least four 
notable ways: 
(a) The importance of the energy question. 
(b) Expansion of the parameters of what constituted solar energy 
research. 
(c) The increasing dominance of s c i en t i s t s . 
(d) The great increase in "non-central" solar energy researchers. 
( In the next f ive pages these four points are discussed, although a more 
ful l account of the s ign i f icance of these developments i s le f t until 
Chapter 6). 
Solar energy in the wake of the "energy c r i s i s " of 1973-4 suddenly 
came much more to the attention of s c ien t i s t s and engineers as well 
as the public at large, through the increased s en s i t i v i t y to the whole 
energy question, and in part icu lar , to the f i n i t e nature of energy 
resources. As involvement in solar energy research grew, i t became 
clear that the parametersof just what could be incorporated under the 
label of solar energy research werebroadening. A much wider range 
of d i sc ip l ines and spec ia l t ies came to be represented amongst those 
said to be doing solar energy research. In part icular the number of 
sc ient i s t s involved in solar energy research increased, as much of the 
expansion of the parameters involved the incorporation of research in 
41 
For a d iscuss ion of th i s matter, see Chapter 6, pp.178-83. 
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various fields such as inorganic and organic chemistry, solid-state 
physics and plant p h y s i o l o g y I n this regard solar energy is a very 
interesting research field in that it is one in which, in many respects, 
technology has predated the involvement of science in the field. In 
terms of the discussion of the development of science presented in 
Section One of Chapter 2, this is a reminder much more of the development 
of science around the time of the industrial revolution (science lagging 
behind technological development) than it is of the model of modern 
science based industry in which science provides the new products. 
Because of the diversity of the technologies that may be labelled solar 
energy technologies it is in fact possible to provide examples of both 
selective surfaces being utilised before it was known what mixture they 
consisted of, let alone their scientific properties, while photovoltaics 
offerthe counter example, being very much a product of scientific research 
and development. 
Another point which needs to be made in respect of this growth of 
representation of science amongst the ranks of solar energy researchers 
is that measuring the growth of solar energy research on the basis of 
42 
One measure of the significance of scientists in solar energy 
research after the "energy crisis" is given by the list of project 
leaders in the Department of National Development Directory. 
Fifty-one of the 98 project leaders are scientists, 29 engineers, 
and 18 "unknown". Department of National Development (1978) 
op. ait. (98 refers to the number as at July 1978). 
See Chapter 2, pp. 19-20. 
See Chapter 2, pp.23-4. 
See p.150 of this chapter. 
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the increased number of scientists involved can be deceptive, as many, 
if not most, of the new scientists so incorporated were in fact doing 
the same or substantially the same research, before they, or others, 
gave it the label solar energy research (that is, in addition to its 
previous label, for example, photovoltaic research). One of the 
difficulties that this causes, is that it now means that it is much 
more difficult to be specific about the previous history of solar 
energy research if a wider range of research is admitted under that 
label. That is, if certain research is now considered to be part of 
the field of solar energy research, then it implies that the history 
of that particular research is now part of the history of solar energy 
research. This indicates that the task of constructing a history of a 
scientific field, is a particularly difficult one as the definition of 
the object under study (the particular research field) is in a state 
of flux because the boundaries of the research field are not catego-
rically fixed. Without a constant research field to deal with, that 
is, one which allows for no intrusion into its definition, one cannot 
have a fixed history. Thus, as the nature of solar energy research 
as a research field evolves, so will there be additions to what are 
seen, in retrospect, as key scientific developments in its history. 
Thus the history that is presented in this ohaipter, is a history of 
the changing definition of what constituted solar energy research, that 
is, a working from the past to the present, rather than a history in 
the sense of a reconstruction of the history of what is now considered 
to he solar energy research, that is, a working from the present to 
the past. 
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An offshoot of this expansion in the parameters of solar energy 
research has been the increase in "non-central solar energy researchers" 
those researchers whose work has a solar energy component through either 
their labelling some of their work as such, or through their adding a 
solar energy research relevant appendage to their existing research. 
Of the 30 solar energy researchers in the sample who began solar 
energy research during this period, 15 (50%) may be classified as non-
46 
central solar energy researchers, of these 15 being scientists. 
46 
The trend towards increasing numbers of non-central researchers 
being amongst the solar energy research population is discernible 
in the reports of research that are now spoken of as solar energy 
research (for example in the Directory, Department of National 
Development, 1978, op. oit.). The interviewee based data showed 
50% of the interviewees to be "non-central". Given that the 
sample is not random, no direct inference can be made of the 
figure for the whole population, however, the bias in the sample 
would indicate that 50% is a conservative estimate of the per-
centage of non-central solar energy researchers in the population 
because the sample was chosen from "known" solar energy researchers 
which would bias it in favour of inclusion of "central" solar 
energy researchers, since they were the most "visible" in the 
sources used to construct the population on which the sample 
selection was based (see Chapter 4, pp.106-10). 
Table 5.2 
Central ity by Profession; 1970 Solar Energy Researchers 
"Centrality" 
Profession Non-Central Central Total 
Scientist 14 9 23 
Engineer 1 6 7 
15 15 30 
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All expressed the view that given the realisation that their work 
centrally, or aspects of it, may have an important contribution to make 
to the energy question, that they felt some obligation to at least 
investigate the solar energy aspects. 
"I think it's right that having this expertise in the field 
I should devote some sort of effort to seeing whether it can 
be used in the solar energy field ... It's been a conscious 
diversion of effort because of the interests of the community 
at large". (university scientist) 
Of the 15 "central" solar energy researchers, 9 are scientists. Twelve 
of the 15 explained their involvement in solar energy research as due to 
a desire to become involved in research that was of a more applied nature 
than they had previously been in, and in particular to do so in an area 
relevant to developing energy problems. 
"I anticipated some terrible depression as a result of energy 
shortages and hope that solar energy offers a way out ... 
Previously I was working in nuclear physics, general relativity -
quantum field theory - all sorts of exotic things with no known 
applications - very interesting things ... all very non-applied". 
(university scientist) 
"I'd been doing pure solid-state physics research - neutron 
diffraction ... With the increasing publicity about energy 
problems I began to read about the field [solar energy 
research] ... I was attracted by the relevance, the interest, 
and the possibility of doing something bigger than the average 
backroom boy". (university scientist) 
"I had come to a point in my career where I could change 
direction. I quite consciously entered solar energy research 
... The problems being tackled in my field [plasma fusion] 
were not the problems which I was interested in solving". 
(university engineer) 
47 
However, as is indicated in Chapter 6, espec. pp. 194-5, many of 
the solar energy researchers attributed less complementary motives 
to the post-1972 solar energy researchers. 
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Interestingly, about half of these solar energy researchers, did 
not specifically set out to do solar energy research - they were pleased 
to be able to do so, but the actual decision to work in solar energy 
research, as opposed to other energy research, was determined by the 
goh that they got. 
"When this job came up in solar energy it was just what I 
wanted more or less [but it] was the only thing going at 
the time so you can't say that I got into solar energy 
because I saw solar energy as the great light over all 
the world. But at the same time I wanted to so something 
useful rather than pure and esoteric", (university scientist) 
"When the offer of this job arrived I almost regarded it 
as an act of God, it was exactly what I wanted to do ... 
It was related to energy, it was applied research and at 
the time I was more or less fed up with the completely 
pure, useless, trivial little projects, like those I'd 
been working on for 3 or 4 years". (university scientist) 
"The attraction of solar energy was a combination of a 
permanent job, an important area, and an area that was 
going to blossom ... I was getting bored with my work. 
I could get publications very easily out of that field, 
but it was virtually repeating stuff I'd done before". 
(university scientist) 
The Effect of Theoretical and Technological Progress on 
Solar Energy Research: 
By the mid-1970's, the nature of solar energy research had changed 
considerably both in terms of the amount of research done and its scope 
compared to that of both the 1950's and 1960's. From being a technology 
for specific and isolated locations, by the mid-1970's, it had become 
energy research. In this development, political/economic factors have 
played a major role, but also it is important to establish whether or 
not the increase in interest in solar energy research, especially amongst 
academics, has come about because theoretical or technological developments 
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have made solar energy research a more potentially productive field of 
4 8 
research in terms of either technological or theoretical products. 
The question being asked is basically this; have there been developments, 
theoretical or technological, which make the viability of solar energy 
research greater now than in the 1950's, that is, more likely to be 
productive? Have there been scientific or technological developments 
that could explain the upsurge of activity? There is of course an 
inherent danger in such an analysis, and that is to confuse developments 
which spawn further research (or an upsurge in existing research), and 
developments which can be "mobilised" consequent upon a focus on a 
particular field of research. An example of the latter is the increased 
availability of the computer which is still growing in importance in 
solar energy research as a research tool (particularly for simulation 
programs). However, this development is equally applicable to a vast 
range of scientific research fields; it has nothing of specific relevance 
for solar energy research alone. 
There is no doubt that the whole field of photovoltaics has 
expanded greatly since the 1950's, but it is important to note that the 
impetus given to this field through its importance in the space program 
has had somewhat ambivalent effects. As noted in Chapter 2, the space 
program involved a reorientation from terrestrial to space applications 
4 9 
with a consequent change in performance/cost requirements. The key 
H 8 
That is, if scientists can expect more success from undertaking 
research in a particular field - either in terms of technology or 
theory - then there is an incentive to undertake such research. 
See Chapter 2 , p.39. 
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product for solar energy research, of the photovoltaic research in the 
period between the mid-1950's and the early 1970's, was experience in 
their practical use, albeit in extra-terrestrial applications and it is 
on the basis of such experience that scientsts are looking for these 
developments - increased efficiency of conversion, at lower cost - which 
could make photovoltaics more widely applicable. That is, much of the 
fundamental and developmental work in this respect is being done now 
(for example, looking at cadmium sulphate/cadmium sulphide as an 
alternative to silicon). This has involved a definite re-orientation 
of photovoltaic research. Johnston and Jagtenberg comment, 
"The most recent phase of photovoltaic research is associated 
with the decline of the space program. For some period there 
was a failure to reorient goals to new demands and much of the 
research after 1970 continued along the lines of the space 
model. It was early in the wake of the 'energy crisis' of 
1974 and a substantial increase in the funding for photovoltaic 
research as part of solar energy research budgets in most 
industrial centres that new goals and subsequently new lines 
of research started to emerge". 
There have also been considerable developments in both the theore-
tical understanding of and and the availability of materials in general, 
and selective surfaces in particular. The increased availability of 
materials and theoretical developments, for example, in the optics of 
materials, like computers, do not however specifically point to solar 
energy research as the key site for utilisation of the developments, 
that is, they have a very broad applicability. Selective surfaces, like 
photovol taics, were already known in the 1950's - in fact, both were 
R. Johnston and T. Jagtenberg (1977) op. ait., p.25. 
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widely discussed at the 1955 World Symposium on Applied Solar Energy in 
51 
P h o e m x . These three areas, computers, photovoltaics and materials/ 
selective surfaces, are the three areas that the solar energy researchers 
most consistently gave as the key scientific developments affecting 
52 
solar energy research since the 1950's, reflecting their widely held 
view that there had been no real scientific breakthrough either in, 
53 
or fundamentally affecting, solar energy research. 
A number of other developments could be mentioned which have 
improved the options available to the efficiencies attainable in solar 
energy research. One could note, for example, developments in photo-
chemistry (for example, flash photolysis for analysing the dynamics of 
rapid chemical reactions) and means of studying surfaces (for example, 
the electron microscope) and applying thin films (for example, sputtering) 
The developments relevant to solar energy research have meant that 
greater efficiencies can be attained which has been an encouragement 
for engineering developments to proceed and in particular for scientists 
51 
See p.137 of this chapter. 
52 
Of the 86 percent (38 out of 44) who gave responses on this matter, 
88 percent (33 out of 38) gave either one or a combination of these 
as the key developments. 
53 
In fact there was a fairly general antagonism towards the concept 
of "breakthrough", and in particular towards any suggestion that 
a breakthrough had been made in solar energy research in Australia. 
"If you look at the systems treated widely in the press as 
breakthroughs, you'll find that they have been discussed in the 
literature and informally for many years". (CSIRO engineer) 
Sometimes that point was made somewhat emphatically, for example, 
"Let's take evacuated tubular collectors, that [they] are 
making so much noise [about]. Hell's teeth, they're only 
bloody thermos flasks and they've been around for a long 
time!". (CSIRO engineer) 
For further discussion of the importance of the idea of a break-
through and the reaction to suggestions of breakthroughs, see 
Chapter 9, "Public Relations in Solar Energy Research." 
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doing research to focus more closely on the energy realisation aspects 
of their research. These developments can explain why the field of 
solar energy research may be said to be advancing and diversifying, but 
cannot explain why it is in the field of solar energy research, in 
•particular, that such developments are being applied. They merely make 
solar energy research a possible site for application of these developments, 
The second aspect of scientific developments that needs to be 
considered is whether solar energy research now involves specific funda-
mental problems which make it an important focus of research. In the 
early solar energy research there was very little fundamental work at 
all and this appears to still be the case in the main. Research by 
engineers such as that with respect to thermosyphon flows does contribute 
to knowledge of heat and mass transfer processes, but while these problems 
are central to solar energy research, solar energy research is not 
necessarily central to the fundamental problems. The main fundamental 
work being done within solar energy research is being done by the 
physicists and chemists in the areas of photovoltaics, photo-chemistry 
and optics, and here with the exception of the optics work (largely in 
respect of investigation of selective surface problems) most of the 
fundamental activity existed prior to the solar energy research orien-
tation of that work. It is difficult to argue that solar energy research 
offers many specific fundamental problems that make it central to key 
theoretical problems, that is not to say, of course, that fundamental 
contributions ere not being made through solar energy research. 
As a result of work on photovoltaic cells there has developed a greater 
knowledge of the phenomena that occur at the interface of metals in 
semi-conductors, and the recent experimental finding that amorphous 
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silicon grown in a hydrogen atmosphere is excellent in photovoltaic 
cells, has consequently spawned a lot of basic research into the proper-
ties of amorphous silicon. Contributions to fundamental theory in optics 
have been made in respect of the fundamental optical properties of 
selective surfaces, non-imaging optics (theory of non-concentrating 
mirrors), electro-magnetic grating theory, and the properties of arrays 
of spheres. (One of the possible coatings studied theoretically and 
experimentally by the Physics Group at Sydney University is the dispersion 
of metal spheres in an insulator). Overall, however, although the 
fundamental component (and contribution) in solar energy research may 
be greater than acknowledged, by other scientists the majority of 
research undertaken within the solar energy research field is of an 
applied nature. Solav energy reseavoh is oonoemed vevy much with solar 
energy utilisation, and as such draws its main impetus from political/ 
economic conditions which have given solar energy technology a renewed 
relevance. It is a field very much at the interface of science and 
technology and its products are largely technological, rather than 
conceptual. The implication of this in terms of the levels of effect 
argument presented in Chapter 2, is that in studying solar energy research, 
55 
one is much more involved with the non-cognitive levels of effect. 
5t+ 
For further discussion, see Chapter 6, pp.208-12 "The Image of 
Solar Energy Research". 
55 
See Chapter 2, Section 2 "Political/Economic Influences on Science -
Levels of Effect", pp.44-54. 
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Even where particular individuals are undertaking fairly funda-
mental studies, the label solar energy research is given to their work 
because, as well as being fundamental research, a potential for 
utilisation of the work (if a successful resolution is reached) has 
been recognised. This was one of the key developments in solar energy 
research in the 1970's; many scientists (in particular), became aware 
that their research might be of relevance in the utilisation of solar 
energy. It is therefore not surprising that a large number of solar 
energy researchers considered that solar energy research involved 
56 
fundamental research, because many solar energy researchers were in 
fact scientists (in particular) doing studies that were fairly esoteric 
(for example, in electro-chemistry) but in which the possibility of some 
^^ Table 5.3 
Solar Energy Researchers' Views 
on the Fundamental Component of Solar Energy Research 
Profession 
Response Scientists Engineers Total 
Solar energy research does ^^ ^ g^ ^g 
involve fundamental work 
Solar energy research does g ^^ ^y 
not involve fundamental work 
18 17 35 
Non-comments 
44 
3 of these engineers pointed to solar energy research by scientists, 
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57 
future contribution to utilisation of solar energy, had been recognised. 
Conclusion: 
The earliest form of solar energy research that was undertaken in 
Australia had its origins around the end of the first decade of this 
century, when, as a result of increasing concern with Australia's total 
reliance on imported fuels, efforts were made to produce "power alcohol" 
domestically from organic matter. Unfortunately, despite initial 
successes, the era of cheap oil based largely on huge new discoveries 
meant that interest in reducing reliance on imports, and hence in the 
production of alternatives, was drastically reduced and with it the 
interest in research. When solar energy research next arose, it was in 
response to a quite different problem, that of life in isolated outback 
and tropical areas. At CSIRO in particular, attention to this problem 
led to interest in solar technologies in terms of their potential for 
both water heating and distillation of salt water. Coupled with an 
institutional "predicament" (the need for the Workshops to find research 
foci) this led to the establishment of solar energy research as a central 
research interest within what was to become, in 1963, the Division of 
Mechanical Engineering. 
It may also be the case that scientists, as well as being more 
likely than engineers to be doing fundamental research, are more 
concerned - because of the different "missions" of scientists and 
engineers - that their work contain a scientific element, that 
is, an element which distinguishes their work from the more 
immediately pragmatic engineering approach. In providing the 
affirmative to the question whether solar energy research contains 
fundamental work, scientists may in effect be affirming the validity 
of their involvement, as scientists, in solar energy research. 
(That is, they may read "fundamental", not in a strict sense, 
but as "something more than engineering"). For a discussion of 
the different views of scientists and engineers, see Chapter 6, 
pp.198-200. 
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Growth of the field came to a rather abrupt halt in the mid-1960's 
however, as expansion of the field was difficult given the inability of 
most solar technologies to compete with the still abundant and cheap oil. 
Also the wool boom of the 1950's had ended, which reduced interest in 
one of the longest established interests, solar distillation. At this 
stage solar energy research was very much based around the development 
of solar technologies for marginal areas; it was very much based around 
engineering expertise and with very little contribution from the main-
stream of science. 
The 1970's brought many changes to solar energy research other than 
simply the growth of solar energy research. In particular four key 
aspects may be distinguished. Firstly, solar energy research very much 
became research with the emphasis on energy and the renewable nature of 
solar energy attained a new significance. Secondly the parameters of 
what was considered to be solar energy research expanded greatly as 
representatives of an increasing range of specialties came to label their 
research or have their research labelled, solar energy research. It 
was noted that this development had a special lesson for anyone construc-
ting a history of a scientific field as it meant that the object of the 
history must be considered as open to redefinition which could result 
in a whole new set of significant precursors. Thirdly, part of this 
expansion of the parameters was due to the increased involvement of 
scientists in solar energy research and in fact by the mid-1970's scientists 
were in the majority. The reason for this is in fact the fourth key 
aspect; many scientists whose work had not been seen as being solar 
energy research, now became aware that their work had implications for 
the utilisation of solar energy and hence were able to attach this label 
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to at least some aspects of their work. Often this was simply a matter 
of velahelling without involving any change in the research being done. 
In others it involved some additional attention to that specific aspect 
of their research that has implications for solar energy utilisation. 
Thus solar energy research became "more scientific" through two processes, 
one the increased attention to theoretical issues in an effort to reduce, 
for example, potential maximum efficiencies, the other, the inclusion 
of a wider range of research within the bounds of the term solar energy 
research. The former may be described as an inward cognitive expansion^ 
the latter as an external cognitive expansion. 
While theoretical and technological developments in various fields 
of science assisted solar energy research as it expanded, they were not, 
with the exception of photovoltaics (and even here the "assistance" was 
ambivalent), developments which specifically pointed to solar energy 
research as a key site for further developments. Rather these develop-
ments were made use of once the interest in solar energy research began 
to grow. While some fundamental work is involved in solar energy research, 
it is clear that the central focus of the field is solar energy 
utilisatio'n, that is, it is development of solar energy technology 
which is the ultimate aim of the field, even though the path to this 
goal involves some of the scientists in particular being involved in 
solar energy research which is not in any immediate sense technological 
research. 
The implication of this emphasis in terms of the levels of effect 
is that in studying solar energy research one is dealing with a field 
in which consideration of the non-cognitive levels is likely to be the 
more relevant because these, in particular level four - effect on the 
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development of technology - deal with that aspect which is most central 
to the "mission" of solar energy research. (This by no means implies 
that the other levels of effect are irrelevant in the case of solar 
energy research, as the following will illustrate). Effect on the rate 
of scientific development is clearly inferred in the way solar energy 
research has ebbed and flowed according to the prevailing political/ 
economic conditions. As noted in Chapter 2, the fact that solar energy 
is dealing primarily with a technological product makes this effect more 
58 
self-evident than in the case of less applied research. This level 
of effect is looked at in more detail in Chapter 8 where the effect of 
funding and policies on solar energy research is discussed. 
The influenae on the technologies which develop has also been 
illustrated in that emphasis on liquid fuels, distillation and water 
heating has been pursued at different times according to different 
political/economic conditions. Effect on technology analysed in this 
way however, does not utilise the subtfl^ies made available by the 
59 
concept of technology in abeyance. The first level of technology in 
abeyance occurs where a technology is potentially available but where 
it is not realised in practical form because of its "irrelevance" in 
the existing society. This describes the situation of solar energy 
technologies up until the 1970's (with a few exceptions), in that they 
have always been close by, "waiting in the wings", but have not been 
called upon because of the existence of cheaper alternative sources of 
58 
See Chapter 2, pp.33-4. 
59 
See Chapter 2, pp.37-8. 
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available energy. The second level of abeyance deals specifically with 
60 
"the problem of form", that is, the alternative forms in which a 
generic technology may be specifically manifest. The outcome of this 
in terms of the specific forms that will develop has not yet become 
clear, but the decisions that are being made now with respect to solar 
energy research can be expected to be of considerable importance in this 
regard. Hence more should be able to be said about this later in the 
thesis when attention is given to policies that are being pursued in 
respect of solar energy research in Australia. This matter is discussed 
61 
in Chapter 8. 
Effect on the objects of which theory develops is the fifth level 
^ 6 2 
of effect (and the first of those designated "cognitive"). What this 
notion implies is that because of attention to a specific problem/object, 
research takes certain courses which might lead to development of theories 
about objects that would not otherwise have been developed. The political/ 
60 
See Chapter 2, p.37. 
61 
When one is discussing form in terms of research and development 
within a particular nation-state, one is applying a specific and 
limited interpretation of the "problem of form", a point that is 
also clarified in Chapter 8; see espec. p.286. 
62 
See Chapter 2, pp.45-6. 
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economic factors may determine what the orientation of research is 
(level 3), it may be considered that without this influence, the object 
would not have been studied and consequently the theory not developed. 
Chapter 2 referred to Skolimowski 's example of theories of the behaviour 
of solids in s p a c e . I n the case of solar energy research, only limited 
claims can be made in regard to this level of effect. Contributions to 
fundamental theory have been made in respect of the fundamental optical 
properties of selective surfaces, non-imaging optics, electro-magnetic 
grating theory, and the properties of arrays of spheres, however it 
may be an irresolvable philosophical problem trying to determine whether, 
without the attention to the solar energy utilisation problem, these 
same discoveries/contributions would have been made (then, or eventually). 
Finally, with respect to the sixth level of effect, the development 
of discrete theoretical fields, this is not relevant to solar energy 
research. There is no "solar energy theory" as such. 
The following chapter continues the analysis of solar energy 
research in Australia but through a quite different approach. In this 
chapter the focus has been centrally on developments in the context of 
political/economic and theoretical plus technological, changes. The 
objective of Chapter 6 is to refine this approach, in particular, by 
making use of the insights provided by a more direct focus on "the 
realm of science", that is, science as a socially ("interactionally") 
and cognitively ordered activity (as discussed in Chapter 3). 
63 
See Chapter 2, pp.45-6. 
CHAPTER 6 
SOLAR ENERGY RESEARCH IN THE REALM OF SCIENCE 
Chapter 5 dealt with the h i s tory of solar energy research in 
Aus t ra l i a ; i t gave a major emphasis to a descr ipt ion of what was being 
done and where, as the basis for the analys i s which followed, which 
focused spec i f i c a l l y on the s ign i f icance of political/economic factors 
and of technological and theoretical developments, on the progress 
of so lar energy research. The objective of th i s chapter i s to continue 
th is ana l y s i s , but by focusing th i s time on solar energy research 
within "the realm of sc ience", that i s , by developing a characterisation 
of so lar energy research as a cognit ively and soc ia l l y organised act i v i ty 
as discussed in Chapter 3. 
Describing Solar Energy Research - Cognitive and Social 
I n s t i tu t i ona l i s a t i on :^ 
One of the key points made in Chapter 5 was that the def in i t ion 
of what constituted solar energy research changed over time and that 
an important aspect of th is was the increasingly wide range of research; 
representing diverse spec ia l t ie s , that has come to be considered worthy 
of the label so lar energy research. The d i sc ip l ines and spec ia l t ies 
represented by the solar energy researcher sample i l l u s t r a te th is c lear ly 
(see Table 6.1) . 
^ For a d i scuss ion of cognitive and social i n s t i t u t i ona l i s a t i on 
see Chapter 3, pp.86-7. 
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Table 6.1 
Solar Energy Researcher Sample, by Discipline and Specialty 
(a) Scientists 
(i) Physicists atomic 
surface 
solid state 
nuclear 
unspeci fi ed^ 
1 
1 
5 
2 
4 
(ii) Chemists: inorganic 4 
physical 2 
(iii) Biological Scientists: plant 
physiologists 3 
(iv) Biochemists: 
(v) Mathematicians: 
physical 
appl ied 
1 
(b) Engineers 
(i) Electrical 
(ii) Mechanical 
(iii) Chemical 
(iv) Electrical & Mechanical 
Total scientists: 
4 
12 
3 
1 
Total engineers: 
Total Solar Energy 
Researchers: 
13 
3 
1 
1 
24 
20 
44 
Four of the physicists described themselves as either pure 
physicists or applied physicists (3), labels not mutually 
exclusive from the others provided in this list, hence they 
have been classified as unspecified so as not to give a 
possibly exaggerated impression of the range of specialties 
involved. This list may thus be conservative. This difficulty 
raises the point that a scientist may choose a number of 
different labels to describe his research and that therefore, 
aggregation and classification such as this need to be done 
with care. In this regard see the discussion in A.M. McAlpine 
and A. Bitz (1973) op. cit., pp.9-11. 
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Given that cognitive institutionalisation refers specifically to 
s 
the degree of contensus on, and the clarity of, research objectives, and 
means to such objectives (techniques, etc.), a low level of cognitive 
institutionalisation could be expected in solar energy research due to 
the wide range of disciplines and specialties represented amongst the 
solar energy researchers. This need not be the case however, if the 3 
differences are part of a coherent, division of theoretical labour, but in 
the case of solar energy research there is no indication of any such 
organisation of activity. To the extent that there is any concensus 
on priorities it is at such a general level as to be almost no use as 
a guide to priority at the level of research projects, which has the 
effect of making it difficult to establish the non-validity of most 
solar energy research and (in what amounts to basically the same thing) 
making it easy to rationalise the undertaking of almost all solar energy 
research (in that it is a contribution to this very general objective). 
When it came to designating priorities at the level of the orientation 
of research projects there was a wide range of views - low-grade heating, 
liquid fuels, systems that produce both electricity and heat, air-
conditioning, medium-grade industrial heating, electricity production. 
1+ 
To the extent that a conscious division of labour exists, 
that is not theoretically based, e.g. - "you do this and 
we'll do that", then it is more correctly an example of 
social institutionalisation. 
The agreement on priority that existed - and it was by no 
means unanimous - was at the level of the need to develop 
solar energy based technology which could reduce dependence 
on petrol and oil. A significant minority - basically those 
within research interests in solar electric technologies -
vyould also include coal with the oil and petrol. 
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the energy-storage problem, solar absorbers, application of fundamental 
photoelectric and photochemical research, etc., all of which could be 
justified within the broad span of solar energy research. The solar 
energy researchers themselves were well aware of the lack of agreement 
5 
on priorities and the difficulty of establishing priorities in solar 
energy research. 
Do we therefore simply describe solar energy research as a 
specialty with a low level of cognitive institutional isation? I believe 
not. Its parameters are much too indistinct to make the label specialty 
applicable. Rather it is much more accurately described as a vesearch 
6 
orientation by which I mean that general phenomenon, scientific or non-
scientific that may be incorporated into scientific activity as a focus 
for the research activity of various specialties. It may imply a clear 
and specific objective - a mission, or may leave the objective proble-
mati c. 
In the case of solar energy research, there is not a clear mission. 
This does not, however, mean that the research does not have an objective, 
or a number of objecti.ves, simply that the objective is not of a clear 
succeed or fail type such as in the case of putting a man on the moon, 
or curing cancer (cited as examples of mission research). There is a 
very general objective in the sense of tapping solar energy in a variety 
of new ways, or on a scale previously unknown, so that solar energy 
6 
Thirty-seven of the solar energy researchers said that there 
was lack of agreement on priorities. Some qualified this by 
commenting that within individual institutions there was often 
agreement. 
The same concept is used in Chapter 2, p.34. 
Unlike specialty and discipline, research orientation is not 
an institutional level "given" by science, that is, it is not 
part of the formally acknowledged divisions of scientific 
organisation. 
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becomes energy available in quantities and/or manifest in forms, not 
provided by nature "on its own"; an objective vyhich clearly relates 
solar energy researchers together through a common sense notion "solar 
7 
energy" rather than an explicitly scientific classification. There 
is no central "solar energy theory" to give cohesion to the research 
field. Given the diverse nature of what is included under the general 
heading of solar energy research it is not surprising that lack of 
eognitively ordered priority exists. It is in many ways a very young 
field and all solar energy research is in a sense "lumped together"; 
as it matures, different priorities for distinct sub-fields may develop. 
Because of its theoretical diversity, it is difficult to designate 
certain solar energy researchers as expert in solar energy research. 
Indeed it is possible to theoretically determine inclusion/exclusion 
with respect to solar energy research - "All our energy is solar energy, 
fossil fuel is solar energy, delayed solar energy, of one kind or 
another. How many steps of conversion do you go hack before you don 't 
call something solar energyl" (university scientist). That is, you 
can look on solar energy research as involving direct sunlight and some 
physical hardware, or solar energy research as using secondary sources 
(waves, wind) to produce energy, or using solar energy in the form of 
biomass to product energy, etc. 
Solar energy research is a research orientation and as such is 
largely ordered by the degree of specificity of the phenomenon which 
acts to define the orientation. However, in solar energy research, as 
^ Hence, it is difficult for any one specialty to claim "central ity", 
in the sense of it being most closely related to the problem. 
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previously noted, the specificity of the phenomenon, in the form of 
the exact objective is very vague, hence solar energy research is a 
non-mission orientated solar energy research which is in many ways, 
"mission research sans mission". 
The low level of cognitive institutionalisation means that the 
grounds for the designation of some research as "good", "bad" or 
"indifferent", "worthwhile" or "irrelevant", are equally ill-defined. 
Various solar energy researchers and solar energy research groups will 
be working with varying definitions of what constitutes desirable 
solar energy research. 
The effect of this cognitive diversity will depend on the degree 
of social institutionalisation (the recognition of the institutionali-
sation of a field called solar energy research). This is so because 
unless there is recognition that such a field, solar energy research, 
exists, the cognitive diversity has no reason to have any effect. This 
is a point which needs further clarification. 
What this means is that unless there exists a recognition of a 
field of research called solar energy research there is no reason why 
the varying cognitive approaches to the analysis of the object should 
cause scientists concern. The right to speak authoritatively in 
8 
respect to a scientific field is only in dispute to the extent that 
there is recognition of such a field. Thus the importance of the 
extent of social institutionalisation, the existence of which may 
be indicated by the following. The question is therefore, are they 
present? 
See Chapter 3, p.77. 
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(a) The possibility of a career in the orientation. 
(b) Existence of organisations with the research orientation as 
the central focus. 
(c) A hierarchy in which the researchers may loosely be placed. 
(d) Communication based on mutuality of research interests 
centered around the research orientation. 
(e) Existence of journals based on the research orientation. 
(f) Conscious co-operation and division of labour in respect of 
the research orientation. 
(g) Consciousness of being in competitition in respect of the 
research orientation. 
For a career to be possible in a field of research, some 
institutional structure needs to exist into which a researcher may "slot" 
himself, that is, it is not sufficient for there simply to be a cognitive 
structure. There must be positions available, specifically for solar 
energy researchers and also some process of recruitment into solar 
energy research. Few positions have been created especially for 
9 
researchers to do solar energy research, certainly nothing that could 
be called a career structure. The nearest to a career structure that 
exists would be in the CSIRO Division of Mechanical Engineering where 
solar energy research is more or less established as a traditional 
research emphasis within the Division and on the basis of which one 
could progress to, e.g. leader of the solar energy research stream. 
This is the very limited extent to which some formal career within 
solar energy research could be said to exist. There is also only a 
9 
See Chapter 5, pp.143-9. 
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very limited extent to which organisations can be said to exist with 
solar energy research as their specific vaison d'Hve, that is, which 
exist specifically for the purpose of undertaking solar energy research. 
Most of the solar energy research groups/institutions etc. have been 
superimposed on existing Divisions/Departments and do not exist in 
their own right as solar energy research organisations. Exceptions 
to this would include the Sydney University physics group, and the ANU 
group (in the sense that at both of these, positions were created 
specifically for the doing of solar energy research). Another form 
of organisation focused on solar energy research would, of course, be 
a professional association of solar energy researchers. No such 
organisation exists, or more precisely, no purely professional body 
exists. There is the Australian and New Zealand Section of the 
International Solar Energy Society to which a large number of solar 
energy researchers belong, but this is not a professional association; 
10 
anyone who wishes to join, may join. With respect to the transmitting 
and receiving of information in regard to solar energy research, 22 of 
10 
In Australia the first meeting of the Australian and New Zealand 
Branch of the Association for Applied Solar Energy was held in 
August 1962, following the formation of a provisional committee 
in May 1961. Membership was open to "all those interested in 
solar energy" though at this stage the members were predominantly 
active solar energy researchers. The Association produced its 
first Newsheet, vol. 1, no. 1, in July 1962. In 1964 the Society 
changed its name to the Australian and New Zealand Section of 
the International Solar Energy Society and Newsheet became 
Solar Energy Progress in Australia and New Zealand. 
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11 
of the 40 from which comments were received gave "mediated formal 
channels" as the most useful . By mediated formal channels I mean 
formal structured contact based on so la r energy research but via an 
intermediary structure. Examples of such channels are journals and 
conferences. For the remaining 18 the less structured forms of 
communications - e ither arranging to v i s i t some so la r energy researchers 
or simply informally ta lk ing to other so la r energy researchers were 
the most valuable means. 
"Talking to people d i rect l y i s the most useful. Ar t i c les 
are useful only to t r i gger o f f knowing that someone's 
working in the f i e l d - The negative aspects are never 
written in a r t i c l e s " . (CSIRO engineer) 
"A l l formal ised comir.unications are to a f a i r extent masked; 
i t ' s put in the best l i g h t . You leave out the b i ts you 
don ' t want people to know about; where you had a f a i l u re ; 
where a part icu lar l ine d idn ' t work. They're also out 
of date". (CSIRO engineer) 
The existence of journals with the research or ientat ion as i t s 
spec i f i c focus i s also taken to be an indicat ion of social i n s t i t u t i on -
al i sa t ion . For so la r energy research, there i s one such journal , 
Solav Energy. However, of the 37 interviewees who responded on this 
11 
Table 6.2 
So lar Energy Researchers ' Views on the Most Valuable 
Means of Transmitting and Receiving Information 
Relevant to Solar Energy Research 
V i s i t s 12 
Conferences/Symposia 11 
Personal contact g 
through v i s i t s 
Journal a r t i c l e s 11 
40 
No comment 4_ 
Total: 44 
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matter only 15 had actually submitted articles to Solav Energy The 
comments made as to why solar energy researchers would not submit 
articles on their research work to Solav Energy , are interesting. The 
most common comment, by 15 solar energy researchers, was that Solar 
Energy was not the appropriate journal in which to place their articles, 
inappropriate both because the audience they were seeking was a 
specialist audience (and hence, for example, the tendency for many 
physicists to publish in optics journals), rather than solar energy 
researchers specifically, and also because Solar Energy was seen as not 
fundamental enough in orientation. Even solar energy researchers who 
had published in Solar Energy remarked that they would often tend to 
publish their more fundamental work elsewhere. 
"Most articles published in Solar Energy are not worth 
publishing in theoretical journals because they're too 
trivial - I don't mean unimportant from a utilisation 
point of view, but they don't make a vast contribution 
to knowledge ... Some work is more appropriately pub-
lished in more esoteric journals", (university engineer) 
12 
Table 6.3 
Solar Energy Researchers' 
Article Submissions, by Profession 
Engineers Scienti sts 
Submitted to Solar Energy 15 10 5 
Submitted but not to Solar Energy 19 5 14 
Not submitted solar energy work 
to any journal 
No comment 
Total : 44 20 24 
19 5 
3 1 
37 16 
7 4 
21 
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"Ifit'spure solar energy we always publish in Solar Energy. 
Where we have tackled the problem fundamentally from a 
thermodynamic point of view we publish in The American 
Journal of Optics". (university s c i e n t i s t ) ^ ^ 
Also a significance in the "where to publish" decision is the fact 
that a solar energy researcher is in the position of having a dual 
audience, that is, both other solar energy researchers and other members 
of his specialty. Consequently the solar energy researcher is placed 
in the position of selecting the priority audience, and especially for 
the non-central solar energy researcher this almost invariably is those 
11+ 
in his specialty. Three other reasons were occasionally mentioned 
for not publishing in Solar Energy. 
(i) The pressure to publish in overseas journals: (mentioned by 
6 solar energy researchers). 
"I know very well that in this university, assessment 
committees hold international papers in a higher regard 
than national papers". (university scientist) 
"It's an unfortunate fact of life that in terms of 
promotions, publications in international journals is 
taken into account". (CSIRO engineer) 
13 
14 
In this regard the solar energy researcher's decision on where 
to publish clearly becomes akin to a self-fulfilling prophesy, 
that is, they don't publish in Solar Energy because it is not 
fundamental enough in orientation, therefore fundamental articles 
do not appear in Solar Energy, etc. 
Even here there can be problems as placement of an article in, 
for example, a mainstream physics journal may result in it having 
even less impact than if it were placed in Solar Energy because 
of the fact that with the rapidly increasing volume of scientific 
papers, scientists are forced by be highly selective in their 
readings even within their specialties. Hence scientists tend 
to read journals very selectively; as one solar energy researcher 
commented: 
"When I'm looking into a journal I'm looking for articles of 
a particular type and the ones that are outside my field, I 
just ignore", (university scientist) 
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(ii) Solar Energy was a rather low prestige journal: (mentioned by 
5 solar energy researchers) 
"We don't publish in the journal Solar Energy because 
it tends to be a bit of an enthusiasts'journal. It's 
not as tight a journal as the one's we've been publishing 
in". (university scientist) 
"Solar Energy is not respectable yet. It's a hotch-
potch. Some quite fundamental articles and then some 
articles that are bloody ridiculous, that just shouldn't 
be there. It hasn't yet reached the level of respec-
tability of other journals, but it will, it's getting 
there". (university engineer) 
(iii) The delay in publishing in Solar Energy is too long: (mentioned 
by 5 solar energy researchers) 
"We haven't published anything on the applied solar 
side yet and where I'd send that I'm not sure, as 
Solar Energy is SO bloody slow". (university scientist) 
"You want to tell someone about your work quickly and 
the reason for this as much as anything is to establish 
your priority - that you did it before anyone else -
establish your prestige or whatever", (university scientist) 
On the matter of co-operation between solar energy researchers 
there have been very few clear research links between those working in 
15 
different research groups. Equally important "evidence" however, 
is the existence of complaints that co-operation is absent, as this 
The Division of Mechanical Engineering, CSIRO, is probably the 
major exception, having links with solar energy researchers at 
Monash University, James Cook University and the University of 
Wisconsin in the United States. This latter example - a 
formalised overseas contact - was rare although 10 of the 
interviewees stated that their most important contacts were 
overseas. These researchers represented 4 distinct solar 
energy research projects. A common comment was that no-one 
else in Australia was doing sufficiently similar work, to 
make regular contact particularly productive. 
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presupposes the existence of something to co-operate over. In this 
regard 14 of the solar energy researchers complained about the lack of 
co-operation between solar energy researchers, which would indicate 
that amongst some of the solar energy researchers at least, that there 
is a sense of a solar energy research community within which researchers 
should be collaborating. Further evidence of this aspect of social 
institutionalisation is that several of these solar energy researchers 
explained the lack of co-operation by arguing that a competitive element 
existed, that there was a rationale for not being too collaborative: 
"Some of the solar energy work is in the grey areas where 
you're not quite sure that you want to publish everything 
because there's a lot of not exactly secrets, but technological 
details that one wants to keep for the time being until one's 
made more secure developments". (university scientist) 
"People get to hear about your work - sometimes the later 
the better. Our work has stimulated other groups into 
looking at these particular materials, these particular 
deposition techniques. It's nice to have people six months 
behind you that right up with you", (university scientist) 
"Many of the solar energy researchers in Australia don't 
communicate freely because of fear of having kudos stolen". 
(university engineer) 
"Personally I'm not in that much favour of being secretive -
we're a university establishment. The only reason for being 
secretive is firstly, it obviously ensures our survival if 
we can get money from outside. Most Australian firms won't 
look at a thing like this unless you have patents". 
(university scientist) 
To summarise on the matter of social institutionalisation, it 
seems that there is evidence that the level of social institutionalisation 
is considerably greater than that of cognitive institutionalisation. 
This disjuncture between levels can be expected to have a noticeable 
effect, in particular, on relationships between solar energy researchers. 
That is, a disjuncture in this respect, implies that conflicts must be 
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expected to occur on various fronts because of the lack of coherence 
in the field as to priority problems. It is not surprising therefore 
that only two of the solar energy researchers were not in some way 
critical of the approaches being taken by some other solar energy 
researchers. The criticisms made were basically of three types; 
i) Certain research is "unrealistia". 
ii) Certain research is too "narrow". 
iii) Certain research is "repetition" of that done previously, 
i) "Unrealistic" Research: 
a) Six solar energy researchers explicitly stated that they thought 
solar energy research aimed at the large scale generation of 
electricity was a waste of time because, they argued, Australia 
can use coal to generate electricity in the foreseeable future, 
i.e. the research would have no application for years, 
"We don't see power as an Australian problem. This 
country is lousy with coal ... Let's do the easy 
and appropriate things first". (CSIRO engineer) 
"I don't think that a lot of people who have their 
own personal interests ignore that they can 
perhaps press their own particular program and I 
think that this applies to those who are promoting 
electric power generating. That's a non-issue. We 
don't have any problem generating electricity. The 
argument is whether our coal will last 200 or 400 
or 500 years, not 20 years". (CSIRO engineer) 
(b) Four solar energy researchers argued that the research aimed at 
satisifaction of a sizeable proportion of a liquid fuel needs 
through ethanol production was impractical given the amount of 
land that would be taken up. Advocates of the ethanol approach, 
they argued, grossly underestimated the land required. 
- 192 -
Two solar energy researchers were critical of solar energy 
research which saw as inappropriate technologies given the 
situation in which they wou'id be used: 
"Those glass tubes, they're not industrial machines. 
They've got to be rugged, they've got to be foolproof, 
they've got to last 10 or 20 years. They've got to 
stand up to the fellows with 15" monkey wrenches." 
(CSIRO engineer) 
Several made explicit or implicit references to the "unrealistic" 
cost involved in a lot of solar energy research derived 
technologies and argued that this made much of the solar 
energy research inapplicable. (This point is looked at in 
more detail in a later chapter). 
(ii) "Narrow" Research: 
Eighteen of the interviewees commented on what they saw as the 
unwillingness of a number of solar energy researchers to be innovative; 
that too many solar energy researchers were being "far too conventional 
16 
in their approach". 
"We've got to have some sort of advancement for solar 
energy to get anywhere. There's a lot of money being 
spent just on improving the old technology. If you 
looked around Australia and looked at the groups that 
were involved in new ideas and actually going out on 
a limb if you like - you'd have to say that there was 
[ ], us, probably [ ] and that would be about 
it ... We represent the new technology as against the 
older technology". (university scientist) 
For 15 of these, the comments were made in respect of the approach of 
solar energy researchers at one particular institution. The most common 
Sixteen of these 18 were post-1970 entrants into solar energy 
research. 
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complaint was that they were too incrementalist in approach, not prepared 
enough to innovative, 
"Somehow or other they failed to capitalise on their initial 
advantage. It may have been because the people they employed 
were people who were basically devoted to getting the 99.9% 
answer from the 95% answer, rather than to start thinking 
about different things". (university engineer) 
"They've run out of steam, they haven't kept abreast of new 
ideas, new technologies and looked at the possibilities in 
a wide enough perspective so they're still fiddling around". 
(university engineer) 
"They're not picking up today's technology to deal with the 
p r o b l e m " . ( u n i v e r s i t y scientist) 
(iii) "Repetitious" Research: 
Whilst the criticism that some research was "too limited" was made 
largely by recent entrants to solar energy research, 6 of the pre-1970 
entrants argued that many of the newer researchers are doing so-called 
"innovative research" which has been done before, and are not taking 
sufficient care to check to see if such research has been done before. 
"The comments made by the [——•] people made it quite clear 
to anyone who had looked at the mirror scene at all, which 
we had 20 years ago, that they had not read the literature. 
The thing that they were commenting on had already been done 
and they hadn't even read this ... They jolly well ought to 
have investigated this before they started their work". 
(university engineer) 
"Much 'new' research involves 'reinvention of the wheel'". 
(CSIRO engineer) 
"They didn't take sufficient note of the approaches already 
tried and already available and as a consequence some of the 
papers presented at conferences by them were absolutely and 
utterly pathetic - a schoolboy treatment - stuff you'd heard 
a thousand times". (university scientist) 
17 
Most of these critics also commented however that the lack of 
innovative work by this group could be put down in large part to 
the disenchantment coming from doing years of work and having 
trouble getting the resulting ideas accepted. 
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The lack of cognitive institutionalisation has meant that what 
solar energy research was in fact to be orientated towards, was "up for 
grabs". This combined with the establishment of the field - largely 
through social institutionalisation - as a separate field of research 
has spawned the conditions for such disputes. "Sides" in disputes are 
not fixed, rather alliances are fluid although they tend to settle around 
one of three axes - "new" solar energy researchers - "old" solar energy 
researchers; University - CSIRO; Scientist - Engineer. For example, 
the "narrow research" and "repetition" disputes occurred mainly on the 
new solar energy researcher - old solar energy researcher, axis. It 
existed also in the comments made with respect to the motivation of new 
entrants. Six of the pre-1970 entrants made comments in the course of 
the interview about the motives of a number of the post-1970 solar 
energy researchers and in each case referred to them as "bandwaggoners", 
attracted by funds and publicity that they foresaw, and not particularly 
interested in solar energy research, 
"When the energy crunch came you saw quite a few groups jump 
on the bandwaggon because they thought that the government 
would come good and start funding ..." (university scientist) 
Of the 9 post-1970 entrants who referred to the "bandwaggon effect", 
however, only 3 were critical of such action, 
"People have seen there's a bandwaggon and got on it, because 
they thought that solar energy research was an area in which 
they could get money for research". (university scientist) 
"The tendency nowadays is for people to move in the field 
where it's likely to be easiest to get money to do research 
in ... Many people are now deciding 'Ah, solar energy - I'm 
going to move myself now to be a researcher in solar energy. 
It might take a couple of years to do that but then I'll be 
able to attract the money'. Probably the ones that are in 
it up to now are the dedicated ones and any people who move 
into it now will probably be attracted because it's a good 
source of getting funds and furthering their research. This 
doesn't mean you won't be getting good researchers, however". 
(university engineer) 
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The other 6 doubted the degree of "bandwaggoning" given that 
relatively little funding had actually gone into solar energy research 
so far and that anyway there was nothing specifically wrong with what 
"the old guard" called "bandwaggoning". (university scientist) 
"Scientists respond to pressures and if there is an area 
which is attractice to the public and they think that they 
can get research support and they think they can get students 
and get their students jobs in that area, then they go into 
it. Scientists like to feel that they're wanted too". 
(university scientist) 
"The cynics talk about the bandwaggon effect, they are 
talking about people claiming that they would have wanted 
to do the work anyway, people getting involved with energy 
to get money from ERDA in the States or what have you. 
People who do that overlook the fact that while that may 
be to some extent true, there's also a tremendous excitement 
at being at the beginning - it's a great challenge. People 
will take part for that reason as well as because they hope 
to get money for their research". (university scientist) 
But, also coming with this challenge, according to one of them, 
there is a risk: 
"It takes a brave man to enter a new realm, because survival 
depends on publications and therefore you can usually survive 
best if you stay in a no-risk area", (university engineer) 
Two of this group were more aggressive in their comments: 
•"There are two types of solar energy workers, the old and 
the new. I expect the old ones would call the new ones 
bandwaggoners. The old solar energy man's a peculiar type 
of chap. He's always making measurements of the sun, how 
much the sun is shining and he always has lenses around 
somewhere. He never has any fuel, and he has a journal 
cal1ed Solav Energy, which is a terribly short-sighted 
journal ... Now naturally the new people are regarded by 
them as not knowing anything about it, and so on. This 
is just par for the course; it happens again and again 
when new fields are invaded. There's always some grist 
for their mill because when you enter a new field you 
usually make some mistakes and they tell such stories 
about you". (university scientist) 
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"I think the old established groups, like [CSIRO] did resent 
the intrusion of new groups into the area and I think they 
did a lot to discredit a lot of new groups - laughed at 
their new ideas, which they all had, because they all 
started from scratch ... It's a feeling you get, the feeling 
of an old guard as against the newer people. It's a feeling; 
I know it's there". (university scientist) 
Many of these comments are relevant to the CSIRO - university 
split also. Several CSIRO solar energy researchers argued that 
the university based researchers were becoming too involved in develop-
mental work when, as university researchers, they should be doing more 
fundamental work, 
"There are a lot of things that we [CSIRO] do which we don't 
have time to tidy up the complete scientific answers on and 
we would be very pleased if universities would make use of 
this as ideas for graduate students, but they don't seem to 
want to do that, and we're a little disappointed. It would 
be in the national interest if we got more co-operation than 
we do at present. We have good relations with some university 
people, but others see us as the competition that m u s f be 
held down or knocked flat". (CSIRO engineer) 
"We always think that universities should stick to doing 
basic research rather than development type work because 
this is the way they train their students and where they 
have their expertise. In general they're not highly 
qualified with regard to developmental work and they don't 
have the facilities or continued staff like we do. It 
takes a long time to build up background in these areas 
and we think that we are much more qual ified to look at these 
developmental programmes than universities". 
(CSIRO engineer) 
Several university solar energy researchers argued that their develop-
mental involvement was necessary because the approach of CSIRO in their 
18 
developmental work, was too limited. 
See p.192 of this chapter. 
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Clearly underlying these old-new and university-CSIRO disputes 
is an element of what both Bourdieu and Watson refer to; in the case of 
Bourdieu the right to speak authjoritatively in respect to a particular 
19 
field of research; in the case of Watson, the attachment that researchers 
develop towards a field as "their field", which means that newcomers are 
20 
not always to be welcomed. At the same time, it would be naive not to 
acknowledge some truth in the claim that bandwaggoning has occurred. 
However, it is certainly not clear either that: 
(a) bandwaggoning is detrimental to research, or that 
(b) bandwaggoning is abnormal behaviour amongst scientists. 
That is, there is no reason why the motive of the researcher for entering 
a field will ipso facto, affect the productiveness of the field. Nor, 
given that bandwaggoning is explicable both in terms of scientists 
responding to "pressures from society" and in terms of seeking to further 
their scientific capital through changing fields, is there any reason 
to consider it deviant behaviour (although it may well be deviant in 
terms of the scientific ethos which makes a virtue of not responding 
to public pressures or personal gain). 
19 
See Chapter 3, p.77. 
20 
See Chapter 3, p. 76. 
21 
See the discussion of the scientific ethos in Chapter 3, espec. 
pp.62-3. 
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Scientists and Engineers: 
22 
The third major axis of disputes is that of scientist and engineer. 
Twenty-one of the interviewees (10 engineers, 11 scientists) made comments 
about the different approaches of scientists and engineers, the comments 
made, falling into three categories: 
(a) The Importance of Cost: 
Four of the engineers complained that scientists were not cost 
conscious enough, that they lack a sense of realism. 
"These guys are a bunch of physicists ... They don't care 
terribly much about cost ... They don't even take a systems 
approach ... you say what are the characteristics that we 
need from this device that will satisfy this demand for 
energy ... within these broad economic constraints. These 
guys are not taking a realistic view". (CSIRO engineer) 
The scientists' "response", was that on the matter of cost, 
engineers took a very short sighted view. One of the scientists commented 
as follows, 
"Engineers are very much orientated in their solar energy 
research towards cost effectiveness. They think too much 
in terms of, is this a goer for industry or the consumer now''. 
(university scientist) 
While another spoke of, 
"that very unfortunate engineering attitude that it's the 
present price you compare things with and not the future". 
(university scientist) 
22 
This and the old solar energy researcher - new solar energy 
researcher distinction, are of course, not mutually exclusive. 
Indeed a high degree of comparability is to be expected given 
that most of the early solar energy researchers are engineers 
whilst most of the new solar energy researchers are scientists. 
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(b) Contribution Today vs Innovation: 
An extension of the "cost effective" engineering view is that which 
argues that research should be able to make a contribution in the short 
term. 
"It's fine to have lofty objectives to extend the frontiers 
of knowledge; but you need as well as this, down to earth 
objectives". (CSIRO engineer) 
The scientists however tended to see the engineers' approach as short-
sighted and the engineers as unwilling to do really innovative work. 
Seven scientists commented explicitly to this effect, 
"A lot of engineers are dreadfully dull and unimaginative 
people - they just won't consider any alternatives at all. 
In research you should take a bit of a gamble, you don't 
strangle yourself. If there's something there it's got a 
chance in a million of working, you get in there and put 
a bit of dough on it - that's not bad odds". 
(university scientist) 
(c) Applications vs Principles: 
Seven interviewees - 5 engineers and 1 scientist said that on the 
whole scientists doing solar energy research were not application 
orientated enough and did not understand the engineering implications 
of what they advocated. 
"I think it's probably remoteness from areas of application 
that is giving them a false impression of what's needed. 
They're not going to get high enough temperatures to generate 
power and they're ignoring a lot of applications that don't 
require these temperatures, through lack of knowledge of the 
systems in industry ... They don't understand the industrial 
scene". (CSIRO engineer) 
"If the attitudes going to be 'well we've solved the physics; 
now you solve the engineering', and that's exactly what they're 
saying, then that's catastrophic. Engineering's always been 
the problem". (CSIRO engineer) 
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"We realise, as engineers, that it takes a long time to get 
from the proof of concept stage into the industrial prototype 
stage and then into a commercial market. A physicist doesn't 
realise, it seems, the industrial lead times required to get 
from a scientific idea into a technical reality". 
(university engineer) 
Four scientists explicitly replied to such arguments, stating that it 
was not the scientists task to become too engineering orientated, that 
only by removing themselves somewhat from immediate engineering issues 
would really innovative work be done. 
"We're much more interested in getting some principles 
right and tidying up some of the hairy thinking that goes 
on in the field". (university scientist) 
"It depends on what you're aiming for. The physicists 
and chemists are much more reaching for the stars than 
the engineers". (university scientist) 
Thus we can begin to see the complexity of the field that is called 
solar energy research. It is socially institutionalised, but with little 
cognitive institutionalisation, a wide range of specialties are repre-
sented each with their particular approach to the problem (and preferences) 
As well this both engineers and scientists are involved each with their 
particular outlooks; there is also the effect of different institutional 
contexts plus the new nexus becoming established as the "new" solar energy 
researchers mould in with the longer established. 
Summary; 
Solar energy research has a low level of cognitive institutionali-
sation, but is sufficiently socially institutionalised that "disputes" 
do occur over research strategies, etc. In this regard the lack of 
cognitive institutionalisation exacerbates these disputes because it is 
more difficult to establish agreement on the parameters of the discussion. 
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A key matter following on from this diversity is the question of 
whether this means that no solar energy research elite as such can in 
fact form, rather, that elites, such that they are recognised by solar 
energy researchers, are elites within the solar energy researcher's own 
specialties. It is to this matter that the following section is addressed, 
Key Individuals in Solar Energy Research: 
The solar energy researchers were asked in the course of the inter-
view, whether there were any key men in the field of solar energy research. 
The results are summarised in Figure 6.1. 
•igure 6. Key Individuals in Solar Energy Research 
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From Figure 1 it can be seen that two individuals stand out as the 
designated key men in solar energy research. Both of these individuals 
were designated as key because of their "having the ear of government", 
because they are both asked to give advice formally and informally on 
solar energy research. Significantly, "research leadership" was mentioned 
by only three solar energy researchers and they differed as to who was 
key in this regard. This finding is interesting in that it illustrates 
that lack of cognitive institutionalisation does not mean that a field 
does not have identifiable "key men" rather that such "key men" are 
23 
likely to be so designated because of "political" position. 
In Chapter 3 it was noted that the elite tend to be the elite in 
most fields because of recognition which has come about due to contri-
butions to theoretical developments in a field and that they therefore 
will often be the staunchest upholders of a particular paradigm. In 
the case of solar energy research, because it is lowly cognitively 
institutionalised, we find that the elite in solar energy research are 
"politically" defined rather than "research" defined. One of the two 
is arguably in that "political" position because of his solar energy 
research, but it is because of a long career in solar energy research 
rather than because of any major theoretical contribution to the field. 
The other became a member of influential government advisory bodies long 
before his solar energy research involvement began, because of contri-
butions to fields of research quite distinct from solar energy research. 
23 
In this regard it supports Whitley's comments on the constitution 
of the elite varying with the nature of the field. See Chapter 3, 
pp.96-7. 
24 __ 
See Chapter 3, espec. p.//. 
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The two solar energy researchers most often quoted as the key men were 
both subject to criticism by several solar energy researchers for their 
25 
activity. In Chapter 3 it was noted that in cancer research many of 
the junior researchers accused "the oncological establishment" of 
blocking "galvanising ideas". Similar comments were made by several 
solar energy researchers about one of the key men in solar energy 
research who was regarded by many solar energy researchers as having 
an outdated and limited view of solar energy research, and as being 
unable to comprehend the new and diverse directions that research within 
solar energy research is taking. 
"When I try to discuss our research with [him] he says it 
can't be done; it's no good me putting up a case to say that 
it can be done because he says it's just a case - that it 
can't be done. No matter what I say he says -'It's not 
worth doing, it can't be done'". (university engineer) 
"His mind got stuck about 1963; it got stuck on the rooftop 
water heater and its manifestations and he's gone on polishing 
the brass and always getting slightly better ones, another 
(university scientist) 
"He has a somewhat blinkered approach to solar energy". 
(university engineer) 
His outlook was seen as being particularly harmful in that through his 
"key" position he could effect the reception research proposals received 
at the funding level and also the general policy taken by the government 
on solar energy research. 
25 
See espec. p.96. 
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"He ' s invar iab ly consulted, he ' s the grand old man of so lar 
energy in Au s t ra l i a . He 's de f i n i t e l y a hot water man - he 
won't look on so lar energy as being anything but hot water 
... and he w i l l push that view and i t affects so lar energy 
researchers in Aus t ra l i a in the fol lowing way. I f you come 
up with a proposal and send i t to the Department of Science 
t hey ' l l refer i t to him and h e ' l l say 'no ' because i t ' s not 
hot water, or ' y e s ' because i t i s hot water". 
(un ivers i ty engineer) 
"He had a pos i t ion of power in Aus t ra l i a - he was the chief 
and whenever people l i k e myself - ' c razy i d i o t s ' - sent in 
these 'w i ld ' schemes, the government would send them to [him] 
and he would put them down saying that they were a lot of 
nonsense .. . Though competent within h i s orb as an engineer, 
in terms of his long term influence on so lar energy research 
in Au s t r a l i a , i t ' s been the worst poss ib le one, and when the 
1973-4 era began he was not with i t " , (un ivers i ty s c i en t i s t ) 
The other key so lar energy researcher (a non-central so lar energy 
researcher) was c r i t i c i s e d a l so , as being large ly ineffect ive and rather 
less forceful than the s i tuat ion required. 
"He i s far more d i lute than the f i e l d merits. I hope that 
i t ' s not more". (un ivers i ty s c i en t i s t ) 
"He has some funny ideas about so lar energy. I 'm not saying 
that he ' s against so lar energy but that he doesn 't believe 
so lar energy should be used in t h i s , that, and the other, 
but that i t should be used somewhere e l se. He has his own 
very res t r ic ted views on t h i s " . (un ivers i ty engineer) 
Given that there are only two main key men, i t seems inevitable 
that they would not be su f f i c i en t to represent the d i ve r s i t y within 
solar energy research, however i t i s also not su rpr i s ing that they 
would be expected to and, because they were few, do so v igorous ly. 
Hence the s i gn i f i cance of accusations of l imited view and lack of 
forcefulness. 
At the time of the interviews no central so lar energy researcher 
was a member of federal s c i e n t i f i c advisory committees, although two 
non-central so lar energy researchers sat on in f luent ia l energy advisory 
committees. Short ly after the interviews a new energy advisory body 
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was set up, to which another non-central solar energy researcher was 
26 
appointed. One of these three is one of the two "key men" designated 
by the solar energy researchers. Neither of the other two rated highly 
in the "key men" designations (one was mentioned once, the other twice) 
but it is quite probably that for most solar energy researchers, they 
are not centrally identified as solar energy researchers, as both are 
working very much at the fundamental extreme of solar energy research. 
Both, like one of the designated "key men" are members of a more general 
Australian scientific elite composed of scientists and engineers from 27 
a wide range of fields, their membership of which, like that one of 
the key men, due to scientific contributions made to their specialties 
quite independent of any solar energy research label. Having established 
reputations for the quality of their scientific research, it is not 
surprising therefore that together they have dominated the Australian 
26 
For information on the activities of such committees with respect 
to solar energy research, see Chapter 8, espec. pp.278-80. 
27 
While there is clearly no absolute method for determining the 
delineation between elite status and non-elite status, none-
theless a reasonably precise delineation may be done. A study 
(still in progress) by Drs. David Bennett and Peter Glasner 
of the ANU, has identified a scientific elite in Australia 
composed of 84 scientists. An initial elite of 56 was arrived 
at by a positional analysis, the other 26 being added by 
"snowball sampling" in which the initial 56 were asked to 
identify other influential scientists (basically a reputational 
measurement). 
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/ N 28 
Research Grants Committee (ARGC) funding of solar energy research. 
It is likely that other solar energy researchers have underestimated the 
influence that these two solar energy researchers have had or could have. 
As members of the elite, and the social network that such a term implies, 
their less visible informal connections may make them quite influential, 
however it is by no means clear whether or not their fundamental research 
interests which impinge on solar energy research are complemented by any 
advocacy on behalf of a wider range of solar energy research. That 
neither was significantly mentioned by the solar energy researchers as 
key men, perhaps indicates that any such advocacy is either kept very 
"private" or of a very "gentle" nature. 
A key point to note in regard to the solar energy researchers designated 
as key men, is that this designation is due to their influence on policy 
affecting solar energy research. In this regard they are by no means 
28 
Year 
Table 6.4 
Concentration of ARGC Solar Energy Research Funding 
ARGC Funding of 
A B A+B as a % of the 
nnrp c 1 r total solar energy 
ARGC Solar Energy research grant 
Research Funding Rank 
1975 1st (3 X the funds of 2nd) 3rd 54% 
1976 1st (3 X the funds of 2nd) 3rd 52% 
1977 1st (5 X the funds of 2nd) 2nd 54% 
1978 2nd 2.5 x the funds of 3rd) 1st (1.2 x the 47% 
funds of 2nd) 
Adapted from; ARGC Grants List supplied by the Department of Science, 
unpublished. 
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the only inf luence, that i s , the advice that they give represents only 
the input of two people amongst many. In th i s regard i t i s interest ing 
to note that 19 of the so lar energy researchers made comments to the 
effect that the real decis ion making was done and the real key people 
29 
were, not people involved in so lar energy research. 
"Those who have the major influence on so lar energy are 
those who don ' t work in so lar energy - those who are 
either very high up in the pure science area and there-
fore have access to government and those high up in the 
basic energy forms - the power engineers; - they ' re the 
key men as far as so lar energy goes. There are very few 
who actual ly work in so lar energy who can readi ly influence 
dec i s ions " . (un ivers i ty sc ient i s t ) 
"Po l icy committees are dominated by representatives of 
ex i s t ing sources, either as researchers in such f ie lds 
or in the form of the captains of industry, who are 
s k i l l ed in the old technologies but not aware of al l 
the p o s s i b i l i t i e s " . 3 0 (un ivers i ty engineer) 
This d iscuss ion suggests a number of questions. F i r s t l y , what i s 
the importance of being a member of this s c i en t i f i c e l i t e , that i s , i s 
one rea l ly in f luent ia l as a consequence? Secondly, are researchers, 
through the i r so lar energy research a c t i v i t y , l i k e l y to become members 
of th is group. Th i rd ly , does i t matter? That i s , i s their any reason 
why non-solar energy researchers are not fu l l y able to objectively 
evaluate the merits of so lar energy research? 
29 
3 0 
The fact that th i s many of the interviewees mentioned th i s , i s 
par t icu lar ly in terest ing, given that my question, on ref lect ion, 
had an i nbu i l t bias against such an answer. I c lear ly asked them 
to designate who they regarded as key men in solar energy research 
Many of the respondents may have answered the question l i t e r a l l y 
and hence not commented on external key ind iv idua l s . Even more 
so, by couching the question in terms of ind iv idua l s , I biased 
the question against responses c i t ing in s t i tu t ions or structures 
as key. 
For further comments by so lar energy researchers on the role of 
such a c t i v i t i e s , see Chapter 8, pp.272-3. 
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In the next section I begin to hopefully indicate some of the 
answers. To do this I begin by asking the question, what is the "image" 
of solar energy research within the scientific community? 
The Image of Solar Energy Research: 
As noted in Chapter 3 fields of some scientific research are 
3 1 
differentially evaluated in terms of the prestige attached to them, 
a differential evaluation which is likely to affect the preferences of 
scientists with respect to research fields, etc. This does not, of 
course, mean that "scientific priority" is the only determinant of what 
scientific research gets done. For one thing not everyone can work in 
the "priority" fields and, secondly, the funds for much R&D comes from 
sources for whom the potential utility of the product of that R&D far 
outweighs matters of "scientific priority". Nonetheless the doing of 
science is by no means unaffected by the conception that scientists hold 
with respect to various fields, particularly when scientists have control 
over decisions as to what research to undertake, to support, and to fund. 
Solar Energy Research as "Too Applied": 
Of the 39 solar energy researchers who argued that solar energy 
research did have an image, 25 argued that solar energy research was 
considered by a large number of scientists and engineers to be "too 
applied". In particular it was the scientists and the university based 
31 
Chapter 3, pp.69-70. 
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solar energy researchers who were most aware of this image.^^ Nor is 
this surprising as it is both scientists rather than engineers, and 
university based researchers rather than those at the CSIRO, who would 
be expected to be more sensitive to such an image, given that their 
profession and their employing organisations respectively, are both 
less immediately involved, in general, with the application end of 
science. 
This image had a number of manifestations. Firstly, several 
solar energy researchers commented that they received critical comments 
from fellow scientists, 
"There's a little bit of banter goes around the tea table 
about these sort of practical areas being worked on. It 
doesn't worry me - it's not a serious problem. If one's 
interested in applied problems one can live with it", 
(university scientist) 
"Some university academics look down on it because it's 
applied ... My fellow physicists have occasionally expressed 
such views". (university scientist) 
"A lot of people say 'Why is solar energy research being 
done, there's nothing new it it; there's no fundamental 
science - you're wasting your time'. Anyone who says 
they're working in solar energy has a bit of a bad image 
[although] you can get away with it in engineering by 
saying that you're looking at materials problems". 
(university engineer) 
32 
Table 6.5 
Breakdown of those who argued that solar energy research had an 
image of lacking interesting science: (Percentages are the per-
centage of the population of each cell, for example, the sample 
included 24 scientists, hence the 18 represents 75%). 
Engineers Scientist Total 
CSIRO 1 3 4 (33%) 
University 6 15 21 (66%) 
Total 7 (35%) 18 (75%) 25 
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"Critics say that there is nothing new in solar energy -
that it's all engineering ... We very much, when we go and 
talk to scientific audiences, have to justify the scientific 
content in solar energy research ..." (university engineer) 
Secondly, some came up against more institutionally established 
resistance: 
"There is still a substantial body of opinion, in the school 
[of physics] to which I belong which sees no obligation to 
do this sort of research. They have the attitude that we 
should do science to see how the universe works, and whether 
it's useful or not doesn't matter", (university scientist) 
"If you're in an engineering school or an institute of 
technology, you're able, because of your very discipline 
or position, to look at those hardware development things 
without any questions asked as it were. If on the other 
hand you are in a research school, like this, it is definitely 
frowned on; where everyone else is doing more pure research. 
It depends on where you are". (university engineer) 
"It's clearly identified as being very much an applied field, 
and so that suggests to some, especially university academics, 
that it's not quite the right sort of field for a university 
person to be involved in; that he should be doing more pure 
research. It's not the only research field that gets that 
stigma". (CSIRO scientist) 
Thirdly, it has on occasions been dismissed as inappropriate for 
post-graduate research. One of the solar energy researchers was dis-
couraged from doing his Ph.D. on a solar energy research related topic 
as it was not considered by his professor to be a proper topic for 
physics research. Another had been in a department where solar energy 
research had been considered not justifiable research for a post-
graduate student to do (too applied). 
Fundamental to all these matters, is the fact that solar energy 
research is in general considered to be rather mundane science, to be 
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devoid of real scientific challenges 
"There's no doubt at all, that up until recently at least, 
when nuclear energy started to become a dirty term amongst 
a wide group including scientists, that solar energy was 
regarded as scientifically dull, whereas nuclear energy had 
all the glamour of high energy nuclear physics which was the 
glamour subject. Solar energy didn't have anything of that 
intellectual glamouv involved in it, even in its solid state 
ramifications. Even semi-conductor stuff is, I rather suspect, 
considered by many as more an applied engineering thing". 
(CSIRO scientist) 
''There's a strong possibility that scientists don't get 
into solar energy research because it isn't seen as elegant". 
(university scientist) 
"The experts in the fields themselves are more willing to 
work on taxing, difficult problems, which are likely to lead 
to difficult solutions, to extremely sophisticated solutions, 
because the human mind seems to go that way ... Our own 
Professor [ ] says - 'I don't believe there's any challenge 
in solar energy, why should we work in solar energy, it's not 
challenging'". (university engineer) 
33 
Two of the solar energy researchers had noticed this approach 
already developed in the attitude of undergraduate scientists. 
"Having done a certain amount of teaching here to under-
graduates, it's rather interesting and rather distressing 
to find that the people coming through science who are 
particularly interested in physics don't hold our type of 
research in very high esteem at all for the simple reason 
that they look upon it as applied physics. If there's a 
problem at all it's that it's difficult to attract very 
bright people to come and work in this particular game. 
They want something that seems far more exciting from the 
point of pure physics. It seems that you get this attitude 
at both ends. The experienced and dedicated academics to 
some extent look down on it, there's no doubt about that, 
and also the new bright young physicist coming through is, 
I think, not too attracted to the field", (university scientist) 
"I'm really incredulous that a lot of students say 'Is there 
good physics in that?' They don't care whether it's inter-
esting or useful". (university scientist) 
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This is naturally enough more likely to affect the scientists than 
the engineers, but as some of the quotes illustrate, engineers also 
appear to have a negative image of solar energy research in this regard. 
Certainly this cannot be because solar energy research is "simple" in a 
comprehensive sense, for while it may involve little fundamental science, 
the research that is being done is testament to the fact that it is by 
no means a resolved technological problem. Indeed, cost competitiveness 
in many spheres of solar energy utilisation is likely to require techno-
logical innovation and not simply reduction of the cost of existing solar 
technologies. The source of the "too applied" image is therefore by no 
means a matter, simply resolved by reference to some supposed inherent 
"simplicity". 
Solar Energy Researchers as Opportunists: 
A second image of solar energy research, of which many solar 
energy researchers were aware, was that of its being a research field 
inhabited by opportunists. Indeed, as shown in the last section this 
image is held by a number of solar energy researchers themselves, 
in respect to the new solar energy researchers, in particular, being 
34 
bandwaggoners. A number of solar energy researchers had found a 
similar view expressed by non-solar energy researchers about solar 
energy research, 
"In many ways scientists who don't know much about solar 
energy research regard it as the land of confidence 
tricksters". (university scientist) 
34 
See pp. 194-5. 
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"It's not yet properly established on a bona fida basis as 
far as the scientific community is concerned. People who 
work in it are still regarded as reacting to public opinion -
solar energy is good just like motherhood is good. This in 
the scientific community causes a bit of resentment because 
we can appeal to emotional issues and we can be seen to be 
in a position where we could get favoured treatment; but we 
don't get favoured treatment". (university scientist) 
Several solar energy researchers commented that this opportunist/confi-
dence tricksterish image of solar energy research has been encouraged by 
the public relations activities of some solar energy researchers, as 
solar energy researchers have been able to take advantage of solar 
35 
energy's newsworthiness. Most of the solar energy researchers (24) 
commented to the effect that much of the publicity was inaccurate and 
in particular that the rather frequent announcements of "breakthroughs" 
led to a certain skepticism about solar energy research as a research 
field, by other scientists and engineers, both because of (a) the 
frequency of the announcements and (b) the doubtful nature of the so-
called breakthroughs. 
"There certainly has been more attempt to get recognition 
for one's work, but from a scientific point of view this 
had led to a lot of misleading, quite incorrect statements. 
Every university in Australia has had a solar energy 
breakthrough. It's been on the front page of The Australian 
or The Sydney Morning Herald SO many times that it's made 
us a laughing stock. This word 'breakthrough' has been a 
bit of a disaster ... The public might swallow it one day 
and forget it the next, but the academics at the universities 
remember it all and it becomes quite ludicrous". 
(university scientist) 
35 
For a detailed discussion of public relations in solar energy 
research, see Chapter 9. 
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In particular, because some groups had been able to secure funds 
through non-scientific channels, that is, without first being evaluated 
by scientists, this opportunist/trickster image has been perpetuated. 
Evaluation normally refers to peer evaluation, however in the ease of 
solar energy research it may well he asked, who are one's peers. Given 
the cognitive diversity noted at the beginning of this chapter and the 
diverse research interests, if peer evaluation means evaluation by other 
solar energy researchers, it is quite likely to mean evaluation by those 
whose views on the value of certain solar energy research differs quite 
markedly from those of the proposer of the project. There are indica-
36 
tions, that this in fact may have been the case in solar energy research. 
Solar Energy Research as a "Crank" Field: 
Another image which several (13) solar energy researchers were 
aware was that of solar energy research as something of a crank field, 
"They think we're slightly screwball, too scatterbrained, 
unrealistic ... a bit weak minded", (university scientist) 
"We're very careful about talking about solar energy. If 
you say you're doing it as a consulting job on the side 
that's all right. But if you turn up at most engineering 
departments and say that you're doing research in solar 
energy, that's a strange animal". (university engineer) 
"In the academic environment the image has more effect. 
If you're going to play the promotions game you've got to 
be sure of the image you've got, you don't want to get into 
things that look too wild and hairy and ridiculous otherwise 
you'll be labelled for the rest of your life". 
(CSIRO engineer) 
36 
See pp.203-4 of this chapter. 
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This image apparently goes back to the early days of solar energy 
research. Twelve of the 14 pre-1970 solar energy researchers said that 
solar energy in the 1950's and 1960's had something of a crank image. 
In the 1950's this was based on the fact that much previous solar energy 
work had been done by amateur, or at least, part-time researchers, keen 
on solar energy application, rather than as the focus of formal research. 
Hence, 
"Solar energy researchers in Australia 17 years ago were 
considered to be crazy enthusiasts ... You could be con-
sidered mad for working in solar energy. It was considered 
to be boys burning their shoelaces with magnifying glasses". 
(university engineer) 
"Solar energy research was considered to be a bit different, 
solar energy researchers were considered to be a bit 
eccentric". (university engineer) 
"Ten to 20 years ago we were looked upon as nuts and there 
were a lot of nuts". (CSIRO engineer) 
During the 1960's the crank image continued but in an altered form, 
as solar energy has become more institutionalised, but also less "rea-
listic", as its potential applications broadened technically, but 
narrowed economically. Solar energy simply seemed to be restricted 
37 
by its irrelevance in the 1950's. With its new "relevance" of the 
1970's, it might be expected that the crank image died; in a sense it 
did, as an influx of scientists into solar energy research occurred, 
but in another and important way, it did not. What happened to solar 
energy research as a crank area in the 1970's was that the nature of 
"crank" changed and in particular, through the association of solar 
energy with conservation and alternative lifestyle movements. 
37 
See Chapter 5, espec. pp. 139-42. 
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Both solar energy and solar energy researchers have come to be 
associated with the "alternative movement", ranging from a gentle 
38 
conservationanst position, to the advocacy of "solar not nuclear". 
Most of the comments were addressed to the "problem" of solar energy 
research being so associated: 
"Some have the feeling perhaps of not wanting to be 
identified with the Greenies - it's a current word of 
scientific contempt for the more extreme members of the 
return to the simple life movement ... There's always 
been a contempt for that sort of fringe attached to any 
scientific area, whatever it may be. There's a strong 
contempt for the advocates of copper bracelets for 
arthritis; there's a professional contempt about it". 
(university scientist) 
38 
Special Note: Solar Energy Researchers on Nuclear Power 
The most noticeable factor in the breakdown of the comments made 
by solar energy researchers on nuclear power is the low number of 
solar energy researchers who expressed strong anti-nuclear 
opinions. As the table below shows, at the most 12 of the 37 
who expressed views on this matter were particularly opposed 
to nuclear power, and only 3 of these strongly. This figure 
is surprising given the equation that it is clear many people 
make between solar energy researchers, solar energy research, 
solar energy and anti-nuclear. 
Table 6.6 
Comments on Nuclear Energy 
Strongly opposed to nuclear energy 3 
Nuclear energy opposed, but acceptable g 
as a stop gap measure 
Nuclear energy has a limited life as a 
technology; solar energy is the probable g 
alternative so let's get started on 
research now 
Nuclear energy and solar energy are ^g 
supplements and not alternatives 
No view expressed 1 
Total: 44 
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"The image of solar energy is a bit crackpot. People who 
advocate solar energy are often people who are not socially 
acceptable, like unwashed people living on communes wholely 
in favour of solar energy. I don't think society takes it 
seriously. It gets associated with nude bathing and sun-
light and they think it's something like that". 
(university scientist) 
"There is a view that anyone who works in solar energy must 
be an eco-nut. The image of solar energy researchers as 
being eco-nuts does damage to the establishment of solar 
energy as a bona fide science. It is not established as 
a professional science". (university scientst) 
"There's a number of people who are going for solar energy -
solar not nuclear ..., the alternative lifestyle group and 
a lot of conservationalists and environmentalists. I think 
that in Australia in particular, this gets at the practically 
minded politician who sees that these people are espousing 
the cause of solar energy and he says 'well, maybe that's 
not what our country needs'". (university engineer) 
A few of the solar energy researchers commented that there was a 
"political" side to this association in that it was used as a means of 
"putting down" solar energy research and solar energy researchers, 
"Solar energy is a highly political thing. The view of the 
solar energy worker as one who believes in alternative energy 
sources and is pushing them fits in with the politics of 
solar energy. It suits some political people to get solar 
energy workers aside in that way - to in fact label them 
as 'ratbags'". (university engineer) 
"The people who are looking for nuclear power have succeeded 
in creating in the public mind the idea that solar energy is 
associated with an emotional, rather than a reasoned or 
scientific approach ... There's no doubt that the people in 
the high energy fields have been very successful in using 
the fact that they are already part of the establishment to 
convey to the public that they are presenting a reasoned 
case". (CSIRO scientist) 
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The Significance of Images: 
The notion of "image" is not one that has explicitly been used 
before in sociology of science research. It was therefore an experiment 
in a sense, aimed at providing further insights into the specific 
character of solar energy research as a research field. The objective 
of the next few pages is to evaluate the data gathered as a result and 
to comment on the insights that have as a consequence been provided. 
Firstly, although pre-tests were done, there is always some risk 
that when questions are asked to a large number of people, that patterns 
will not emerge, patterns which can rarely be expected to surface 
amongst the small number of people on which pre-tests are usually done. 
Therefore it can be counted as a success that in the case of this 
somewhat experimental notion, that 39 of the 44 solar energy researchers 
were able to explicitly provide images, and even moreso, that 25 provided 
the same image ("too applied"). 
This however provides only the basis on which to go forth; the 
central issue is what use can be made of the resulting data. 
The image of solar energy research as a field that is too applied 
draws attention to two key matters. Firstly, it suggests that solar 
energy research may be a field of rather low status within the scientific 
community. This may prevent certain scientists from becoming involved 
in solar energy research, or at least, from becoming too associated with 
solar energy research. Several scientists, but also some engineers, 
made comments to the effect, that it was better in terms of one's 
professional standing not to be too closely associated with a field 
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that was in one solar energy researchers terms, "not yet bona fide". 
This is not to say, of course, that scientists will not get involved in 
solar energy research, both because of the necessity in many cases to 
get a job, that is, a job in any field, and also, because the attachment 
to some overall scientific ethos varies with context, as Hill has 
previously noted. For engineers this image has less affect; logically 
one could deduce this, but it is also supported in the figures in this 
m 
study. However, there is a potentially more significant way in which 
this image, if widely held, may affect solar energy research and that 
is in terms of the support the field receives from other scientists. 
While those researchers doing solar energy research can to a large extent 
adopt a view of their scientific role which provides an alternative 
ethos such that cognitive dissonance is avoided or at least reduced, 
few research fields are so self-contained as to be independent of the 
implications of decisions made by some external (to the research field) 
entity. For example, research fields depend on resources such as hard-
ware that are made available ultimately by some external body, directly 
or via funding. Such decisions are usually made in an economic context 
in the sense that there are scarce resources, that is, available resources 
are less than the potential for application of resources. The signifi-
cance of this for solar energy research is that where "scientific merit" 
39 
See, p.217 of this chapter. 
40 
See Chapter 3, p. 66. 
41 
See Table 6. 5. 
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is the basis for funding, should the view of solar energy research as 
"mundane science" be widely held, the likelihood of its having high 
priority in this regard, is low. At this stage this must remain a 
tentative proposition. More will be able to be said after the matter 
of the basis of the distribution of resources for science in Australia, 
is discussed. 
The second and key matter to which the comments on solar energy 
research as a "too applied" field draws attention, is the existence of 
a certain "means-ends" disjuncture in science, that is, a disjuncture 
between the notion of good/interesting science and that of as simply 
as possible, satisfying specific need. It is important that the meaning 
of this comment be specified more clearly as it could easily be read 
as making a point that is not intended. This comment is not intended 
to imply that science should be guided through and through by a notion 
of utility, indeed were this to be an al1-encompassing principle, it 
would stifle scientific development because much scientific research in 
dealing with the unknown, is inherently unable to specify in advance 
the comprehensive significance of its potential products. Rather the 
disjuncture that is suggested, is one in which conceptual and techno-
logical complexity is seen as inhevently more interesting science 
independent of any question of whether that complexity is utilised 
because it is necessary to the advancement of science. That is, 
complexity in the sense of conceptual difficulty may be seen as providing 
its own rewards. Perhaps more to the point, the advancement of science 
may be seen as a process of progressive understanding of nature which 
42 
See Chapters 7 and 8. 
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allows man to produce technology of increasing sophistication. In this 
regard, the comment of one of the solar energy researchers is particularly 
interesting 
"There's a few hard core people who really believe that if 
solar energy is the answer then this will be a reflection 
on the method of science. You see, science has gone through 
nuclear energy and they feel that the method of science 
must have done the right thing and couldn't have omitted 
something obvious; that if solar energy is really the 
answer then it would have been detected ... I've been 
told - 'Solar energy's too simple, it can't be the answer'. 
What he's really saying is that the answer's got to be 
more complicated". (university engineer) 
In terms of this logic were solar energy the answer, it would have been 
"discovered" prior to nuclear energy; that would have been its "time". 
What this suggests is that the success of modern science in producing 
increasingly sophisticated technology, has meant that it is genuinely 
difficult for many scientists to come to terms with the possibility that 
development of solar energy technologies - such "simple" technologies -
may be the "logical" course to pursue. This is however getting rather 
too close to a psycho-analysis of scientists which it is beyond the scope 
of this thesis and beyond the competence of the researcher to pursue; 
therefore this matter must be left, but hopefully it has raised an 
interesting point. 
The second strong image attributed to solar energy research was 
that of a field attractive to opportunists and tricksters, men who would 
take advantage of the topicality of solar energy to obtain both publicity 
4 3 
and funding via means which avoid peer evaluation of the quality of 
the research. Such behaviour is seen as deviant in that it goes against 
43 
The funding question is looked at more closely in Chapters 7 and 
8 and the publicity question in Chapter 9. 
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"the way science is done". This in particular is a call for scientists 
to be evaluated by scientists, for merit to be an intra-scientific 
evaluation. Effectively this is also the basis of the criticism 
levelled at solar energy research as a crank field. In both instances 
the discourse expands beyond the boundary of the scientific professions. 
In the former case it involves scientists not using the "right" channels, 
which is threatening to established scientific practice as it is effec-
tively a loosening of professional self-regulation. In the latter case 
the scientists themselves are seen to participate in a non-scientific 
discourse within science ("emotional not objective", etc.) and/or to be 
associated with the "emotive", "non-scientific" discourse of groups 
outside the scientific profession. 
Underlying both these comments made by solar energy researchers 
themselves, and the comments made by other scientists about solar energy 
research, it is possible to identify what may be designated the need to 
maintain a professional boundary by distinguishing soientifia activity, 
theoretically and institutionally from common discourse. Maintaining 
this boundary is difficult in solar energy research for a number of 
reasons. Firstly, as a "popular" topic, much of the debate is removed 
from the realm of scientific discourse. Secondly, this "external" debate 
can take the form of an intrusion into scientific discourse by non-
professionals. At its most general level this exhibits itself in the 
pre-existing demystification which exists around solar energy research. 
'''' Chapter 3, p.67, footnote 15, for comments on the importance 
attached to peer review; but also for comments on the meaning 
of peer in the case of solar energy research in Australia, 
p.214 of this chapter. 
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that is, almost everyone has a general, what one might almost call a 
"gut" level understanding, albeit superficial or even misguided, 
of how solar energy "works". 
It's dead obvious - every little boy gets a magnifying glass 
and burns gum leaves at some stage". (CSIRO engineer) 
This non-professional involvement may also be manifest in experimental 
(and marginally theoretical) activity. Unlike fission or fusion research 
there is not an inbuilt technological barrier to experimentation by such 
people. Nine of the solar energy researchers commented on the attraction 
of solar energy to "backyard enthusiasts" 
"Because solar energy applications are so amenable to 
backyard developments, anybody who is interested can 
tinker around with solar collectors of one form or another. 
There's a continuous spectrum between those, and the 
people who are seriously interested. Whereas in atomic 
energy or even fossil fuels, there's not much an individual 
in the background can do". (CSIRO scientist) 
"It's a deceptively simple subject. It's not like nuclear 
technology where you need a university degree in science 
or engineering to understand it. Anybody can stick some-
thing out in the sun and it gets hot so it appears to be 
a simple thing to do, therefore you get a lot of people 
who don't understand quite enough getting into it and 
making messes of things". (CSIRO engineer) 
And as another of the solar energy researchers noted, it is not 
easy for solar energy researchers to dissociate themselves from such 
activity. 
"Every layman thinks that he can build solar energy 
systems and get them going at this particular time. It 
has to somehow get beyondthis stage before it is going 
to get established. We're in some way associated with 
the laymen whose inventions appear on The Inventors and 
of course, they often neglect very fundamental things". 
(university scientist) 
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This leads to some important ef fects . F i r s t l y (and th i s was the 
emphasis that the so la r energy researchers'comments had), the apparent 
understanding of so lar energy amongst "laymen" may lead to both a down-
playing of the d i f f i c u l t i e s involved in developing a re l iab le so lar 
energy based technology, and a poss ib ly dangerous preparedness to make 
an evaluation of the technical potential of so lar energy in a way they 
would not, for example, with fus ion, around which an aura remains. 
"They [ po l i t i c i an s ] don ' t mind sett ing aside $100m for 
a nuclear reactor - i t i s signed over - i t ' s the old 
Parkinson idea - s ign ing over in 10 minutes the nuclear 
reactor, but spending 3 hours on the bicycle shed. 
Everyone thinks he understand so lar energy because we're 
so used to i t " . (un ivers i ty engineer) 
Secondly, science, l i ke other profess ions, operates on the basis 
of a del ineat ion of a c t i v i t i e s , a job demarcation of so r t s , in part icular 
a r ight to speak author i ta t i ve ly on certain matters, A researcher in 
so lar energy research i s far less able to do t h i s , as the s c i en t i f i c 
discourse/layman discourse with regard to so lar energy has many overlaps. 
This cognit ive overlap i s complemented by a sort of social overlap, an 
almost inevitable contact with laymen interested in so lar energy research, 
which several so lar energy researchers c lear ly viewed as a hindrance to 
the pro fes s iona l i sa t ion of so lar energy research. Several solar energy 
researchers complained about the " l o t s of mad enquiries from the publ ic " , 
in part icu lar from amateur inventors. 
Three of the so lar energy researchers complained about the non-
professional nature of the so lar energy soc iety, 
" I t gets a b i t crackpotty. Al l you have to do i s go to 
the local so lar energy society. The International Solar 
Energy Society doesn ' t have any requirements to be a _ 
member; you go to some of these meetings and you see i t " . 
(CSIRO engineer) 
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One of them noted that when he spoke on solar energy to such groups that 
he had to correct a lot of misconceptions about solar energy and that 
"I never have to do this when I'm talking about my other 
fields of interest", [for example, plasma physics]. 
(university scientist) 
An interesting comment on this matter was in the Foreword of the 
Society's journal Solar Energy Progress in 1973. 
"Recognising the upsurge of interest in solar energy 
research, the International Solar Energy Society has been 
examining its membership requirements to see that it can 
continue to attract all people working in the field. To 
improve the teamed society image [my emphasis] there is 
a need for a minimum entrance standard to a professional 
grade, but there is also a need to provide for technicians 
Inability to clearly maintain a professional boundary is clearly a factor 
which lends an added coherence to the various criticisms levelled at 
solar energy research and solar energy researchers; it is equally clearly 
an evaluation which solar energy researchers themselves are not likely 
to give in that it is unlikely to be a way in which they conceptualise 
their situation. In particular, it gives a coherence to the comments 
made explicitly or implicitly in the criticisms levelled at solar energy 
research on "the way science is done", "professional conduct", etc. 
4 5 
N.R. Sheridan (1973) "Foreword", Solar Energy Progress in Australia 
and New Zealand, no. 12, July, p.l. 
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Conclusion: 
This chapter began with a question; what is solar energy research? 
We speak of solar energy research but can it be specified; just what do 
we mean by the term? The first aspect of the answer is that it is not 
a field defined in theoretical terms, rather, it describes a general 
orientation, the tapping of solar energy. As a field it is marked by 
great cognitive diversity, and while this engenders particular problems 
it is not in itself a problem in the sense of a matter to be resolved, 
because it is the expected outcome of the diversity within the field. 
The extent to which there is "commonality"within solar energy research 
in fact is based largely on the existence of social institutionalisation 
and in this regard, while there is a lack of certain indicators of 
social institutionalisation, for example, existence of a career path 
in solar energy research,or organisations with solar energy research as 
a central focus, there is communication on the basis of mutual interest 
in the form of conferences and journals [Solav Energy Progress and Solar 
Energy), a society (although not professional) and recognition that they 
are in some senses in competition with each other for solar energy 
research funds (and to a lesser extent, because of the cognitive 
diversity, for establishment of priority). Although a research report 
journal does exist - Solar Energy - its relevance was affected by the 
existence of a dual audience for many of the solar energy researchers, 
and doubts over its relevance for fundamental articles and its prestige. 
Where there is incongruence between the level of social institu-
tionalisation and the level of cognitive institutionalisation, such that 
the former is greater than the latter (this of course cannot be a precise 
measurement, as the concepts are not strictly quantifiable), there exists 
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a situation in which criticism of the work of other solar energy 
researchers is likely to arise. This situation occurs because unless 
all solar energy researchers have their desires both for research 
resources and application of resultant technologies, met, questions 
of merit for funding are difficult to resolve because of the complexity 
of the cognitive allegiances and consequent lack of common ground on 
which to resolve such issues. This was seen to be the case in solar 
energy research in Australia, only two of the interviewees not being 
critical of some aspect of the approach of other solar energy researchers, 
the criticisms being mainly on the basis of certain research being 
"unrealistic", "narrow", "repititious", or "bandwaggoning". These 
criticisms could be interpreted in terms of three main axes; new solar 
energy researcher - old solar energy researcher, university-CSIRO, and 
engineer-scientist, which illustrated the importance of institutional 
setting, profession and what may be described as a "custodial" attachment 
to one's field as well as cognitive allegience. 
The solar energy researchers were able to identify two solar 
energy researchers in particular as "key men", although in the case of 
both they were so designated because of their influential institutional 
position rather than because of a research contribution that was central 
46 
While the notions of cognitive and social institutionalisation are 
by no means novel concepts, they have mainly been discussed in the 
context of a prescription for research and rarely as "concepts in 
use". The discussion in this chapter has made considerable use of 
these concepts and the result does seem to indicate that they have 
value in use, both heuristically and descriptively. 
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to the direction being taken by solar energy researchers. In the light 
of the cognitive diversity in the field, the basis of the designation 
key is not unexpected. It was significant also, that several solar 
energy researchers noted that the "real" key men with respect to solar 
energy research were not in fact solar energy researchers but rather 
those members of committees whose advise on policy and funding matters 
and who may not be particularly sympathetic to solar energy research. 
This is clearly a matter that warrants further discussion and is dealt 
with in Chapter 8 in the context of Australian policies on solar energy 
47 
research. 
Finally, attention was turned to the images of solar energy 
research held by scientists and engineers, and it was significant that 
the solar energy researchers seemed to be most aware of negative images; 
solar energy research as "too applied", as attracting opportunists and 
as having "crank" associations. While it was noted that the "too applied" 
image seemed to provide an interesting insight into science as a social 
practice, the main line of thought derived from this and the other images 
seemed to coagulate around the notion that solar energy research as a 
field has certain characteristics which may make it a not particularly 
attractive field of research for many scientists and engineers and which, 
more importantly, may have an affect on the support that it receives. 
hi 
See Chapter 8, espec. pp.272-3. 
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In itself, this chapter provides a rather interesting community 
of science study. It leaves several issues at the point of tentative 
propositions and while this is in fact an important part of research 
that is exploratory, the objective of this thesis is to produce a study 
which incorporates the perspective presented in this chapter within a 
political/economic context. If this is a fruitful approach then it 
might be reasonably expected that in doing so, further light will be 
shone on matters such as those raised as tentative in this chapter. 
In specific terms this means looking at the political/economic context 
in which solar energy research in Australia takes place, and it is 
to this task that the thesis now turns. 
CHAPTER 7 
THE IMPORTANCE OF CONTEXT: 
SCIENTIFIC RESEARCH AND DEVELOPMENT IN AUSTRALIA 
What does it mean to say that science is affected by political/ 
economic factors? This question was asked and discussed in Chapter 2, 
where the emphasis was put on the "levels of effect" that political/ 
economic factors could have. The discussion in that chapter however, 
proceeded at the level of what may be termed the genevio political/ 
economic. That is, it investigated the category "political/economic" 
in respect of its potential effect on the category "science". Chapter 
5 introduced specificity into the discussion in the form of a specific 
research field - solar energy research - and Chapter 6 presented an 
analysis of what was described as "solar energy research in the realm 
of science". The task at hand now is to add another aspect of 
specificity to the analysis, the specific political/economic. The key 
question for this chapter is, what is the political/economic context 
of scientific research and development in Australia. Chapter 5 indicated 
the changing nature of solar energy research in a "time context"; solar 
energy research meant something different in the 1950's than it does in 
the late 1970's. This chapter deals with the "place context" within a 
more limited time context, because now it is important to investigate 
the significance for the solar research under study, of the fact that 
it is in Australia and not, for example, in the United States or the 
United Kingdom. To this end the chapter begins with some international 
comparisons, then moves into a more detailed analysis of scientific 
research and development in Australia. 
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Trends 1n Research Expenditure: 
In 1973, Australia's Gross Expenditure on Research and Development 
(GERD) was 1.2% of the Gross Domestic P r o d u c t / a figure which has been 
Table 7.1 gives an indication of Australia's situation at this time 
relative to several other countries.. Whilst there is no intrin-
sically correct ratio of GERD to GDP because different countries 
have different industrial structures which itself leads to differing 
research and development emphases, it is because of this very fact 
that such ratios may be considered to have implications for the 
sort of research that is likely to be supported in various countries. 
Table 7.1 
International Comparison of Research and Development 
Country 1973 R&D Expenditure (GERD) 
as Percentage of GDP 
U.S. 2.3 
U.K. 2.1 
West Germany 2.0 
Swi tzerland 1.9 
Netherlands 1.8 
France 1.7 
Japan 1.7 
Sweden 1.6 
Belgi um 1.3 
Australia 1.2 
Canada 1.1 
Norway 1.1 
Austria 1.0 
Denmark 0.9 
New Zealand 0.9 
Italy 0.9 
Finland 0.8 
Ireland 0.7 
Iceland 0.5 
Portugal 0.3 
Spai n 0.3 
(1971 figure) 
(1971 figure) 
(1971 figure) 
Adapted from: Department of Science (1977) Project Score: Research 
and Development in Australia 1973-74, vol. 2, A.G.P.S., 
Canberra, p.56. 
Note: These figures are for natural sciences only, as many countries 
do not include research in the social sciences and humanities 
in their surveys. The latter are relatively insignificant, 
averaging only 7% of GERD (calculated from figures in Department 
of Scietice ( 1977) op. cit. , p.59). 
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interpreted in most detailed analyses of Australia's research and devel-
2 
opment effort as being too low. It therefore does not auger well for 
research and development in Australia that recent figures show an even 
lower and possibly still declining expenditure on research and development 
3 
Figures released in 1979 showed that the figure in 1975-7 fell to 1% 
and it has been argued that in 1978, a figure of below 1% would be more 
k 
realistic. 
See, e.g. O.E.C.D. (1974) O.E.C.D. Examinev's Report on Science and 
Technology in Australia, A.G.P.S., Canberra; Australian Science and 
Technology Council (ASTEC) (1973a)Science and Technology in Australia 
1977-78, vol. lA, A.G.P.S., Canberra; Independent Inquiry into the 
Commonwealth Scientific and Industrial Organisation (1977) Report, 
A.G.P.S., Canberra (referred to in future as I.I. into C S I R O K 
While it is true that such research and development statistics 
measure input rather than the output, (even in the case of funda-
mental research one can argue that it should in retrospect be 
considered to have gone to "fruitful" fields of research), the 
extent to which this is a criticism is not in itself clear. One 
must nonetheless be conscious that input is an imperfect surrogate. 
However, where one's concern is - as is the case here - specifically 
with the matter of inputs then it is not necessary to be concerned at 
this level with matters of output evaluation. See, e.g. I.W. McLean 
and O.K. Round (1978) "Research and Product Innovation in Australian 
Manufacturing Industries", The Journal of Industrial Economics, 
vol. 27, no. 1, pp.1-12. 
Table 7.2 
4 
GERD as a Percentage of GDP, by Year 
1968-9 1973-4 1976-7 
GERD as % of GDP 1.3 1.2 1.0 
Index (Base 100) 100 95 77 
Source: Department of Science (1979) "Preliminary Tables of Trends 
in Intramural R&D Expenditures", Unpublished, Feb. 
Mr Macphee, Minister for Productivity quoted in The Australian, 
"Crisis in Research", Dec. 26, 1978, p.3. 
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Having presented some aggregate measure of research and development 
expenditure, the next step is to establish just who is funding the 
research and development and where it is being done. Table 7.3 indicates, 
for 1973-4, both the sources of funds and sectors of performance for a 
number of countries, including Australia, and which shows that Australia 
is a country in which the Federal Government plays a major role as both 
the performer of, and provider of funds for, R&D, a role, the extent of 
which has been the subject of criticism in most reviews of Australian 
5 
R&D. It is significant therefore that when figures first became 
available on the basis of which some statement of trends in this regard 
6 
could be made, that they showed, that the reliance on the Federal 
5 
See, for example, O.E.C.D. (1974) op. ait., ASTEC (i978d)op. oit. , 
I.I. into CSIRO (1977) op. ait. 
5 
Since the late 1960's the Australian government has carried out 
three major surveys of R&D in Australia, Project Score 1967-8, 
Proje.ct Score 1973-4 and Project Score 1976-7. Because of various 
differences between the surveys, it was not possible to make in 
depth comparisons between the surveys until the conclusion of 
Project Score 1977-8, and the calculation of a revised set of 
figures for the two earlier surveys. In the Department of Science, 
in early 1979, a number of tables, utilising such figures were 
prepared, and it is on the basis of these that the trend comments 
this chapter are made. These tables are referred to as: 
Department of Science (1979) "Preliminary Tables of Trends 
in Intramural R&D Expenditures", Unpublished, Feb. Most of 
the content of these tables is summarised in Table 7.4. 
In 1979, an extract from the yet to be published Project Score 
1976-7 was made available to me which confirmed the figures, 
for sector of performance, presented in the preliminary analysis 
Figures for source funding in this extract showed exactly the 
same trend. Private enterprises funding of R&D between 1973-4 
and 1975-6 in real terms, and fell 45% from 30% to 18% in terms 
of its share of funding of all RSD. 
Table 7.3 
GERD in OECD Countries - by source of funds and sector of performance, 1973 
Source of Funds Sector of Performance 
Country Govt.* 
Pri vate 
Enterpri se 
Other Country Govt. 
Pri vate 
Enterprise 
Hi gher 
Education 
Pri vate 
Non-Profit 
New Zeal and 77.1 21.4 1.5 New Zealand 65.2 23.8 10.2 0.8 
Canada 67.5 28.3 4.2 Portugal 53.6 27.6 15.0 3.8 
Portugal 65.9 27.6 6.5 Ireland 50.0 33.9 13.9 2.2 
Norway 59.7 37.8 2.4 Spain 47.0 47.7 5.3 0.0 
Ireland 57.3 37.2 5.5 Australia 40.6 41.3 17.2 0.9 
France 56.9 39.1 4.0 Canada 33.0 36.0 31.0 0.0 
Australia 56.7 40.2 3.1 U.K. 25.7 63.2 8.8 2.3 
Austri a 54.0 45.0 1.0 France 25.0 59.4 1.4 1.2 
U.S. 54.0 42.0 4.0 Denmark 24.2 50.7 24.1 1.0 
Spai n 50.8 47.8 1.4 Netherlands 19.9 58.5 19.6 2.0 
U.K. 48.7 43.6 7.7 Norway 19.2 49.6 30.5 0.6 
Germany 47.1 51.4 1.5 Finland 19.1 60.0 19.1 1.8 
Sweden 42.2 54.3 3.5 Belgium 16.0 57.5 26.2 0.4 
Netherlands 40.3 54.3 5.4 Germany 15.4 64.7 19.7 0.2 
Finland N.A. N.A. N.A. U.S. 15.0 69.0 12.0 4.0 
Denmark N.A. N.A. N.A. Japan 13.2 65.7 18.1 3.0 
Belgi um N.A. N.A. N.A. Sweden 8.3 67.0 24.6 0.0 
Adapted from Department of Science (1977) op. ait. , Table AS-25, p.58. 
no 
CO 
* Government figures vary according to defence expenditures. For example, in the U.S. two-thirds of the 
R&D expenditure is on space/defence research - see CSIRO (1978) Submission to the Senate Standing Cornmittee 
on Scienoe and the Environment - Inquiry into Industrial Research and Development^ August, CSIRO, Canberra, p. 5. 
TABLE 7.4 
Trends in Australian R&D Expenditure, by Sector of Performance 
Sector of 
Performance 
Commonwealth 
Government 
State Government 
Private 
Enterpri sev^) 
Higher Education(^) 
Private(c) 
Non-Profi t 
TOTAL (GERD) 
Current Prices 
1968-9 1973-4 1975-7 
1974-5 Prices 
1968-9 1973-4 1975-7 
1974-5 Prices 
1958-9 Base 100 
1968-9 1973-4 1976-7 
117 208 319 202 245 251 100 121 124 
40 76 132 70 90 104 100 129 149 
119 190 157 205 225 123 lOO(d) 110 60 
70 145 184 118 157 153 100 134 130 
1 6 11 4 7 8 100 n.a. n.a. 
347 514 812 599 724 639 100 121 107 
(a) 
(b) 
The 1968-59 survey of private enterprise mining and manufacturing industries only. The figure given 
for 1958-69 includes a pro-rata estimate for other industries based on the 1973-4 data. 
Higher education figures are for the years 1959, 1974, 1976, rather than for the financial years 
1968-9, 1973-4, 1975-7, to which the other figures apply. Column totals in the "Current Prices" 
columns are based on adjustment of these figures. 
(c) Percentage growth of the small Private Non-Profit sector should not be inferred from these data. 
(d) The estimate described in note (a) requires that this series be'treated with caution. 
The corresponding figures for manufacturing industries are 100; 110; 59. 
Source: Adapted from Department of Science (1979) op. cit. 
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government was increasing with time. GERD declined in real terms by 
13.3% between 1973-4 and 1976-7 due to a 45% decline in the value (in 
real terms) of the R&D performed by private enterprise (a 17.4% decline 
at current prices). During the same period the other sectors increased 
3% in real terms (78.3% at current prices). This meant that the share 
of total research and development done by private enterprise fell from 
34.3% in 1968-9 to 30.9% in 1973-4, to 19.2% in 1975-7. 
Distribution by Type of Activity: 
The next variable that can be introduced to give a more detailed 
picture of research and development in Australia is the distribution 
of research and development expenditure by type of activity. An 
indication of this is given in Table 7.5. 
Table 7.5 
GERD by Type of Activity 1973-4 
Basic Research $184m 28% of GERD 
0.35% of GDP 
Applied Research $238m 37% of GERD 
^ 0.47% of GDP 
Experimental fai^^ $229m 35% of GERD 
0.45% of GDP 
Source: Department of Science (1977) op. oit., p.l. These are the 
original 1973/4 (natural and social science) figures. The 
adjusted figures, see footnote 5, equivalent to those in 
Department of Science (1979) op. oit., are not yet available. 
The limited comparative figures that are available (see Table 7.5) show 
that the emphasis on experimental development seems to be low in 
Australia; certainly reviews of the distribution by type of activity, 
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have considered this to be the case. Given the dominance of private 
enterprise in the performance of development (see Table 7.7), coupled 
Table 7.5 
Proportion of the Total R&D Funds 
For Different Types of Projects 
Country Year 
Australia 1973 
France 1973 
U.K. 1972 
U.S. 1973 
Source: O.E, • C.D. 
Basic 
Research 
28 
21 
8 
12 
Appli ed 
Research 
37 
32 
23 
23 
Experimental 
Paris, reprinted in ASTEC (1978a) op. cit., Table 3.3, p.37. 
These are the only four countries for which O.E.C.D. supplies 
these figures. 
Table 7.7 
Type of Activity by Sector of Performance ($, 000) 
Type of Activity 
n • A 1 • J Experimental 
^PP^^^^ Development 
49,000(24%) 104,000(52%) 48,000(24%) 202,000(100%) 
6,000(8%) 50,000(57%) 18,000(25%) 73,000(100%) 
22,000(10%) 49,000(22%) 155,000(58%) 228,000(100%) 
103,000(73%) 32,000(23%) 5,000(4%) 142,000(100%) 
3,000(57%) 2,000(57%) 400(5) 5,000(100%) 
184,000(28%) 238,000(37%) 229,000(35%) 551,000(100%) 
Sector 
Aust. Govt. 
State Govt. 
Private Enterprise 
Higher Education 
Private Non-Profit 
All Sectors 
Total 
Adapted from: Department of Science (1977) op. ait.. Table AS-2, pp.12-3. 
O.E.C.D. (1974) op. oit.\ ASTEC (1978a) op. cU. 
Committee to Advise on Policies for Manufacturing Industry (1975) 
Policies for Development of Manufacturing Industry, vol. 1 (Report), 
A Green Paper, Oct., A.G.P.S., Canberra. 
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with the major reduction in private enterprise research and development 
activity (see Table 7.4), it is likely, oerevis paribus, that the level 
of development activity is now actually even lower. Complete figures 
are not yet available, but those that are (for private enterprise) show 
8 
that in 1976-7, the figure for experimental development was $99m. 
9 
Even if one adjusts the 1973-4 figure down by 20% to $125m, a $26m 
(21%) reduction in developmental expenditures is indicated. If the 
reduced value of the dollar in 1976-7 is taken into account, the real 
10 
reduction is 54%. In particular, it is experimental development in 
manufacturing industry which is likely to suffer most, given that Private 
11 
Enterprise performs 83% of its development in manufacturing industry. 
If, as it appears, experimental development is relatively under-
emphasised, and increasingly so, by private enterprise, some important 
questions arise. Firstly, are the other sectors performing compensatory 
development; secondly, why is private enterprise expenditure on research 
and development so low? 
10 
11 
Australian Bureau of Statistics (1979a) Research and Experimental 
Development Private Enterprise 1976-77, ABS, Canberra, Feb., 
Table 3, p.13. 
When the 1976-7 figures were released, the business enterprise 
figure for 1973-4 was reduced by 20% due to the discovery of 
overestimation in the original survey figures. 
Calculated using the same relative price adjustments made in 
Department of Science (1979a) op. ait. 
Australian Bureau of Statistics (1979a) op. cit.. Table 7, p.16. 
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Experimental Development in the Non-Pr1vate Enterprise Sectors: 
The three sectors which might be undertaking "compensatory" 
development are the state government, higher education and the Australian 
government. However the state government sector performs only 7.8% of 
all experimental development (calculated from Table 7.7) of which less 
than 2% refers to secondary industry and economic services. Agriculture 
accounts for about ten times more expenditure than any other single 
category and about 60% of the total experimental development expenditure 
12 
in state government. Similarly, higher education performs only 2.6% 
of all experimental development (calculated from Table 7.7).^^ However 
given the sources of funding for research in higher education, this is 
understandable (see Table 7.8). 
Table 7.8 
Summary of Significant Sources of Higher Education R&D Funds 
Expendi ture 
Source ($'000) (%) 
Australian Government 133,926 94.5 
State Government 1,310 0.9 
Private Non-Profit 4,189 3.0 
Business Enterprise 1,632 1.2 
Overseas 607 0.4 
Total (all sources) 141,664 100.0 
Source: Department of Science (1977) op. cit., p.96. 
12 
Department of Science (1977) op. ait.. Table SG-2, p.43. 
13 . , 
Even in the field of its greatest contribution - engineering and 
applied sciences - private enterprise contributes only 2.7%. 
Calculated from figures in Department of Science (1977) op. oit. , 
Table HE-1, p.97. 
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With such a small percentage of funding coming from private enter-
prise, what might be expected to be a major source of development funding 
simply does not exist. Of the government funding most of the figure is 
an imputed research component of the normal university teaching and 
research activity and hence it is unlikely that much if any of this 
amount could be in practise converted to expenditure on experimental 
development. Only about 8% of the federal government funding refers to 
11+ 
grants specifically for research. Most of this grants money comes 
from the Australian Research Grants Committee (ARGC). Apart from the 
fact that the real value of the funds that the Committee has available 1 5 
for dispersal has been falling in recent years, the ARGC funds research 
according to the quality of the researcher and the quality of the science 
being proposed. The ARGC is not specifically constituted to fund 
developmental work which may be seen to imply that the majority of the 
16 
"real" science has by definition, already been done. The Australian 
This must be taken as a rough indication only as there are 
difficulties in determining the exact expenditure in a given 
year using grant funds. The figures for grant funds refer to 
the year the funds were made available which is not necessarily 
the year of expenditure. The 8% is calculated using the mean 
of the 1973 and 1974 grant figures, as a percentage of the 
Australian government total funding of R&D in higher education. 
See, Department of Science (1977) op. cit.. Table HE-6, p.Ill 
and Table HE-1, p.95. 
The average amount available to such projects is now only one-
third of what it was in 1965. ASTEC (1978a) op. ait., p.84. 
16 
Both the Australian Academy of Science and ASTEC have made their 
attitude to the role of universities quite clear, 
"Formulation of new ideas about the physical universe is 
not the role of industry; production of new technology 
is not the role of universities, ...". Australian Academy 
of Science, Submission to ASTEC, in ASTEC (1978a)op. o U . , p.85, 
"Universities are not equipped to undertake developmental work 
and indeed such work can be regarded as outside their terms of 
reference". ASTEC (1978a) op. ait., p.86. 
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government undertakes 21.0% of experimental development in Australia. 
However, over half (12.0%) is spent on defence. Only 5.2% is spent on 
secondary industry and economic services combined.^^ The figure for 
manufacturing is a mere 2.19%. 
As well as performing research and development, the Australian 
government is the major source of funds for research (see Table 7.3) 
90% of its funds are spent either in its own institutions (52.1%) or in 
higher education institutions (37.9%), but it nonetheless remains a 
potential source of further funds for research and development in 
1 9 
private enterprise and hence may be compensating in this sense also. 
At present only 5.8% of funds spent in private enterprise come from 
20 
Australian government sources. 
17 
II 
19 
20 
If one looks at the CSIRO publication Surprise and Enterprise: 
Fifty Years of Science for Australia (1976), it is striking that 
of the 20 discoveries presented, 13 directly involved primary 
industry, 3 others are "other biological" and of the remaining 
4 (of which 3 may be classified as scientific instruments), only 
one has become the basis of a large industry (the atomic 
absorption spectrometer). 
Encel asserts that this has always been the case, 
"Our first successful scientist was William Farrer, the wheat 
breeder. By contrast, his close contemporary Lawrence Hargreave, 
though his scientific abilities were certainly in the same class 
was handicapped throughout his life by lack of encouragement 
and by the absence of an elaborate industrial network to which 
he could turn for developing his discoveries. S. Encel (1968) 
"Science and Government Policy - Australia", Public Administration 
(Australia) , vol. 27, no. 2, June, p.177. 
Calculated from figures in Department of Science (1977) op. cit.. 
Table AG-2, p.13. 
Calculated from Department of Science (1977) op. cit.. Table AS-1, 
p.11. 
Calculated from figures in Australian Bureau of Statistics (1979a) 
op. ait. , Table 3, p.13. 
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The need to encourage experimental development in particular in 
manufacturing has been a recurrent theme in Australian legislation and 
reports on science for at least two decades. In the early 1960's the 
major form of incentive for such activity was tax relief, accelerated 
depreciation of capital expenditure on research and development. In 
1967 the Industrial Research and Development Grants Act was introduced 
(subsidy of increased research and development expenditure, of up to 
21 
50%) and there were pressures from various quarters for even greater 
assistance. The Manufacturing Industries Advisory Council, for example, 
22 
advocated a 200% taxation deduction for research and development. 
As noted in Chapter 2 the incorporation of the state has meant 
both this sort of involvement and the direct involvement of state 
research organisations in industrial research and development. Hence, 
when these developments were occurring in the 1960's it was to be 
expected that parallel pressures would be developing with federal 
government research organisations. Indicative of this was the 1965-6 
CSIRO Annual Report in which the CSIRO Executive's comments on industrial 
21 
22 
Superceded in 1976 by the Industrial Research and Development 
Incentives Act, 
In the case of both Acts however, it has not been clear that 
the incentives have not simply replaced private risk capital 
that would have been made available. (See, F.G. Jarrett 
(1976) "Science and Technology Policy for Australia: One 
Economist's View", Search, vol. 7, no.3, March, p.82 and 
O.E.C.D. (1974) op. cit., p.21). 
C. Tisdell (1971) op. ait. 
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research and development can be clearly seen as reassertion of their' 
view on the extent to which CSIRO involvement in industrial research 
23 
and development should not go. 
The state of scientific research and development in Australia 
was again raised in the context of the Birch Report in which one of 
the key areas for consideration was the role of CSIRO with respect to 
manufacturing industry. In this regard one of the key issues that they 
had to confront was the proposal that CSIRO should be doing more to 
support research and development in the manufacturing industry, given 
the low level of research and development by private enterprise and 
the recognition that nationally, agriculture was receiving an apparently 
disproportionately high amount of research funding given its contribution 
2 5 
to the GNP. 
23 
"..., industry itself must share in these activities, and to 
this end the Executive attaches great importance to the growing 
volume of research and development being undertake in industrial 
laboratories. This trend must not only be maintained but also 
needs further encouragement by the Government, as an important 
complement to the work of CSIRO". CSIRO (1966) Annual Report 
1965-66, Commonwealth Government Printer, Canberra, p.2. 
2k 
I.I. into CSIRO (1977) op. ait. 
25 
See, e.g. O.E.C.D. (1974) op. cit., p.20. 
- 244 -
The Inquiry argued that whilst CSIRO should in fact try to do more 
26 
in this regard, it needed to be recognised that; 
27 
(a) CSIRO's role was not that of a development organisation; 
28 
(b) that the proper site for most developmental work is industry; 
(c) that were CSIRO to undertake such development work, that 
manufacturing may still not make good use of it because of 
a low awareness of research, a low level of expertise in 
29 
formulating problems and a short-term orientation; and 
(d) that the government should encourage industry, through various 
incentives to undertake further developmental work. In particular 
they recommend the establishment of research associations to 
co-ordinate research in specific industries, and funded by the 
federal government (without government funding, they argue, 
30 
it would simply cease to operate). 
26 
They concluded that CSIRO could assist manufacturing more than 
it has in the past through improved dissemination, consulting, 
patenting more of its work, and by obliging individual 
scientists to take greater interest in development outside 
CSIRO. 
"CSIRO should negotiate royalties and licenses in relation 
to its patents bearing in mind that preferential treatment 
should be available to firms willing to undertake initial 
development of CSIRO work". I.I. into CSIRO (1977) op. ait,, 
p.229. 
"... "Individual scientists should have a personal obligation 
[my emphasis] to see that their research is followed up as far 
as practical into the development stage. CSIRO should develop 
a mechanism to determine when these responsibilities have been 
discharged in each case". I.I. into CSIRO (1977) op. ait., p.222 
^^ ibid., pp.13-14, 25, 221-2, 225-7. 
28 
ibid. , p.25. 
29 
ibid,, pp.127-30. 
30 
ibid., pp.135-9. 
- 245 -
Similarly the 1978 ASTEC Report argued for greater government 
incentives, in particular expansion of the Project Grant Scheme of the 
Industrial Research and Development Incentives Act 1976, greater emphasis 
on contracting work out to industry and the establishment of a National 
31 
Research Development Corporation-type body. 
Thus it seems that government research institutions themselves 
are not likely to undertake a major reorientation towards developmental 
work, even that with a potential manufacturing industry application. 
Compensatory actions such that there are, are more likely to be via 
further financial incentives for manufacturing industry to undertake 
their own developmental work. 
This leads us to the question, previously posed on page 238; 
why is it that private enterprise expenditure on R&D is apparently so 
low? The following section begins to make the situation of companies 
in Australia, in this regard, a little clearer. 
31 
"there is, at present, no adequate and comprehensive 
mechanism for the development and promotion of discoveries 
and innovations which may result from fundamental research 
in the universities and colleges ... where a project in 
fundamental research is usually regarded as complete when 
the paper describing the work has appeared in the scientific 
literature. Unless there is a happy encounter between the 
scientists and an interested industrialist it is likely to 
remain there. Alternatively, it may be noticed, developed 
and promoted by an overseas organisation". ASTEC (1978a) 
op. oit. , pp.85-7. 
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Private Enterprise Development Expenditure: 
Private Enterprise undertook 68% of all experimental development 
according to the 1973-4 Project Score figures (see Table 7.7). Its 
expenditure on development nonetheless was low, and recent figures 
indicate, as noted previously, that this expenditure is falling even 
32 
further. The nature of the developmental work that private enterprise 
undertakes also is important. There is, for example, a considerable 
difference between development qua incremental change and development 
qua testing a completely new technology. Analyses of the Australian 
situation have characterised private enterprise experimental development 
as emphasising in particular 
adaptive development, that is, adaptation of foreign discoveries 
33 
to Australian conditions; 
a concern for short term (by even the largest companies) which 
mediates against technologies which may require a long period 34 
(for example > 10 years) to become viable commodities. 
32 
33 
34 
See 237-8 of this chapter. 
O.E.C.D. (1974) op. cit.; I.I. into CSIRO (1977) op. ait.; 
C. Tisdell (1978) op. cit. 
See, W.J. McG. Tegart (1973) "The Point of View of Industry" 
in Australian Academy of Science, Report No. 8, The Future of 
Education of Scientists , August, Australian Academy of Science, 
Canberra, pp.33-40. 
In a submission to the Senate Standing Committee on Solar Energy, 
Dr. Tegart, the Manager of BHP Research Laboratories, stated that 
for industry to be interested in research there needs to be 
projects "that can bear immediate results". Senate Standing 
Committee on National Resources (1977b) Solar Energy Bearings , 
A.G.P.S., Canberra, p.989. Even if he was overstating the case, 
the emphasis was clear. 
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35 
incremental developments. 
The development situation thus has both a quantitative and a 
qualitative dimension and both are closely bound up with the structure 
of manufacturing industry (in particular) in Australia. It is to a 
clarification of this connection that discussion now turns. 
The Structure of Manufacturing in Australia: 
The largest 200 manufacturing companies in Australia, in 1975-6 
(the most recently available figures) represented only 0.67% of all 
manufacturing companies, yet they accounted for:-
M of turnover ($) 
60% of net fixed capital expenditure 
50% of wages and salaries 
45% of persons employed.^^ 
3^+ 
35 
36 
(cont'd) 
See also, R.G. Ward (1975) "The Case for Government Support of 
Industrial Research and Development", Search, vol. 6, no. 10, 
Oct., pp.407-9. 
In this regard it has been argued that schemes such as government 
grants for research and development have not done anything to 
change this short-term emphasis. See, e.g. R. Strahan (1978) 
"ASTEC-First Fruits", Search, vol. 9, no. 11, Nov., p.386. 
The Birch Report (The I.I. into CSIRO) commented that much of 
what is called research and development is in fact "little 
more than 'trouble shooting' or adaptations of known methods". 
The I.I. into CSIRO (1977) op. cit., p.128. 
Australian Bureau of Statistics (1978) Foreign Control in 
Manufacturing Industry: Study of Large Enterprise Groups 
1975-76, August, Table 1, p.5. 
The extent of concentration is effectively even greater because 
a large number of small companies exist on the basis of sub-
contracts from the large companies (especially in the transport 
industry). 
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The extent of this concentration is indicated by the fact that the 
average number of employees of the remaining 99.33% (32,067 companies) 
is 21. Clearly the vast majority of manufacturing companies are simply 
too small to undertake a viable research and development effort. In 
1976-7, 997 private enterprise companies in Australia performed $156 
million worth of research and development; 780 of these were manufacturing 
37 
companies. 
Of the 200 largest manufacturing companies 86 were foreign 
38 
controlled (43%). With respect to research and development, the 
importance of foreign controlled companies is even greater. While "only' 
313 (29.9%) of the 1,048 companies that funded research and development 
in 1976-7 were foreign controlled, they nonetheless accounted for 52.3% 
of the private enterprise expenditure on research and development. 
Table 7.9 provides a more detailed breakdown. 
The importance of foreign controlled companies in the undertaking 
of research and development in Australia makes it important to ask 
whether their existence increases or decreases research and development 
in Australia. As the following discussion will illustrate, it is 
difficult to give an emphatic answer. 
One hypothesis that may be proposed is that the low level of 
research and development by private enterprise in Australia is due to 
tariff protection reducing the availability of risk capital due to 
Australian Bureau of Statistics (1979a) op. cit.. Table 2, 
pp.10-11. 
38 
Australian Bureau of Statistics (1978) op. cit.. Table 1, p.5. 
Table 7.9 
R&D Expenditure by Control, 1975-7 
Level of Expenditure on 
R&D by Control 
Under $100,000 
Foreign controlled enterprises 
Australian controlled enterprises 
All enterprises 
S100,000 and under $250,000 
Foreign controlled enterprises 
Australian controlled enterprises 
All enterprises 
$250,000 and under $500,000 
Foreign controlled enterprises 
Australian controlled enterprises 
All enterprises 
$500,000 and under $1 million 
Foreign controlled enterprises 
Australian controlled enterprises 
All enterprises 
$1 million and under S2 million 
Foreign controlled enterprises 
Australian controlled enterprises 
All enterprises 
$2 mi 11ion and over 
Foreign controlled enterprises 
Australian controlled enterprises 
All enterprises 
Total 
Foreign controlled enterprises 
Australian controlled enterprises 
All enterprises 
Companies Involved 
no. t 
Total Expenditure in Each 
Expenditure Category 
187 
608 
795 
59 
80 
139 
27 
28 
55 
29 
8 
37 
4 
8 
12 
7 
3 
10 
313 
735 
1,048++ 
17.8 
58.0 
75.9 
5.6 
7.6 
13.3 
2.6 
2.7 
5.2 
2.8 
0.8 
3.5 
0.4 
0.8 
1.1 
0.7 
0.3 
1.0 
29.9 
70.1 
1 0 0 . 0 
$'000 
7,330 
18,285 
25,615 
9,186 
12,422 
21,608 
9,445 
10,142 
19,587 
19,575 
5,708 
25,283 
6,495 
11,015 
17,509 
29,259 
16,710 
45,969 
81,290 
74,281 
4.7 
11.8 
16.5 
5.9 
8.0 
13.9 
6 . 1 
6.5 
12.6 
12.6 
3.7 
16.3 
4.2 
7.1 
11.3 
1 8 . 8 
10.7 
29.5 
52.3 
47.7 
Companies by Control 
in Each Category+ 
60.0 
83.0 
19.0 
11.0 
9.0 
4.0 
9.0 
1.1 
1.3 
1.1 
2.3 
0.5 
100.0 
100.0 
155,572+++ 100.0 
Source: Adapted from Australian Bureau of Statistics (1979b) Foreigyi Control in Research and Exvsrir'.crital 
Deuelopmmt Prioate Enterprises 1976-77, Feb., Table 4 , p.8. 
4-
This column shows the actual pattern of foreign dominance, i.e. it shows that foreign companies are much 
more likely to spend, per company, more on R&D, as they are disproportionately greatly present in all but 
the under $100,000 category. This may not of course directly be due to the simple fact of being foreign, 
see Appendix C and pp.251-2. 
This figure is slightly greater than the figure presented in Australian Bureau of Statistics (1979a) -
see footnote 8 because this figure includes also companies who paid for R&D to be done on their behalf. 
5139,918 (90/o) of this funding is actually spent on R&D done within the funding organisation itself. 
ro 
I 
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39 O 3 
already assured returns. However it is not clear that removal of 
tariffs would actually increase the research and development undertaken 
in Australia. There is evidence that market protection attracts foreign kO 
ownership. Protection has the specific effect of encouraging foreign 
investment in import-competing industries, however, increased protection 
of one industry may mean a relative decrease in the rate of protection 
of other industries and oeterus paribus a decreased attractiveness of 
the latter as a site for investment. At a generic level this is likely 
to mean a relative disincentive to invest in export orientated industries 
Thus it cannot be said that protection ipso facto increases foreign 
investment. It depends on the relative elasticities of supply of foreign 
investment in import-competitive industries and in export-orientated 
industries. In the short run at least, it is my contention that the 
elasticity in respect of export industries is low. This is because in 
the mining sector - where foreign investment is most dominant - it is 
not clear that tariffs affecting other industries have a significant 
effect on the financial viability of mineral exporting; with respect to 
rural industries, foreign investment is very low and there appears to 
be no indication that it is an area that would attract significantly more 
foreign investment under changed tariff conditions. Manufacturing seems 
the most likely to attract increased foreign investment as a result of 
39 
Although in the case of a specific technology, the existence of 
protection that affects its potential imported competitors is 
likely to be an incentive to its development. 
See, e.g. W.M. Corden (1972) "Protection and Foreign Investment" 
in G.D. McColl (ed.) Overseas Trade and Investment, Penguin, 
Australia, pp.220-53. B.L. Johns (1972) "Private Overseas 
Investment in Australia: Profitability and Motivation" in 
G.D. McColl, op. cit., pp.160-98. 
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such tariff reductions, although reduced costs to export industries 
through reduced input charges may simply make the product less inter-
nationally uncompetitive than previously, that is, still not competitive. 
Hence the overall effect would be to reduce the incentive to invest in 
import competitive industries without significantly increasing the 
incentive to invest in export industries. Given that the reason most 
foreign controlled manufacturing companies operate in Australia is to 
gain access to the Australian market, with only limited interest in 
1+1 
exports, a reduction in tariffs is likely to result in decreased 
foreign investment in manufacturing in Australia. The interesting 
question that needs to be asked now, is whether this would result in 
a decline in R&D in Australia, the opposite outcome to that implied in 
the logic of the hypothesis on which this discussion of tariffs began. 
Were the foreign controlled companies to withdraw from production 
in Australia, it might be argued that Australian companies would arise 
to "fill the gap". The short-run outcome, however is more likely to 
be, in the absence of tariff protection, increased reliance on importation 
of technology and of final products (see the discussion, pp.255-5 of 
this chapter). In the long-run, by which is implied some restructuring 
of the economy, the prospects for domestic R&D might well be more favour-
able. There is no clear evidence that the greater research intensity of 
41 
Nearly 90% of the output of manufacturing industry is sold locally. 
I.I. into CSIRO (1977) op. oit., p.127. Clearly Australian 
controlled manufacturing companies are not particularly export 
orientated either. 
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foreign controlled firms is due to thei r "forei gnness", that is, it is not 
clear that size of^firm and nature of the industry do not satisfactorily 
1+2 
explain the greater research intensities of foreign controlled companies. 
Also foreign controlled companies with organisational links overseas are 
likely to be primarily concerned with ensuring access of products developed 
overseas to the Australian market, rather than with undertaking innovative 
research. Thus, in the long term, a high level of foreign control may 
reduce the level of R&D in Australia, despite being the dominant force 
in manufacturing R&D in the short-run. However the likelihood of this 
long-run position being attained in practice, is a matter that is 
intimately bound up with changes in international economic structures 
and the international flow of capital. In the short-run, were the result 
of tariff reductions in fact to be an increase in dependence on imported 
technology, this would simply be an increase in a dependence that was 
alreadywell established. 
In 1967-7, Private Enterprise spent $66.8m for technical know-how, 
%54.2m (81.2%) by foreign controlled companies. $65.Im of this (97.5%) 45 
was paid overseas, $48.8m (73.2%) to related overseas enterprises. As 
well as this visible reliance on overseas technology, there is considerable 
that is invisible, in that a large proportion of the technology is made 
42 
See Appendix C for a discussion of available empirical data on 
this matter. 
43 ' , , 
Australian Bureau of Statistics (1979a) op. cit.. Table 14, p.22. 
Manufacturing accounts for 80% of this. 
44 
Australian Bureau of Statistics (1979b) op. oit.. Table 6, p.11. 
45 
Australian Bureau of Statistics (1979a) op. cit.. Table 14, p.22. 
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46 
available without fee. This therefore means that the actual reliance 
on imported "know-how" is greater than the official figures, whether 
presented in the form of expenditure for know-how or in the form of 
46 
W.P. Hogan (1967) "British Investment in Australian Manufacturing: 
The Technical Connection", The Manchester School of Economic and 
Social Studies, vol. 35, no. 2, i-iay, pp.135-66. 
According to Hogan's study free access to technology was the 
single most dominant category and especially so where equity in 
the Australian company was high. 
Table 7.10 
Licensing Arrangements by Equity 
90-100 60-89 51-59 50 1-49 0 Total 
Royalty/fee 33** 9* 4* 3 5 8 52**** 
Fixed sum 8* 4* 6* 1 4 0 23*** 
Free 67* 13 6 7 9 1 103* 
N.P.D. 0 1 0 0 2 0 3 
N.A. 30 10 4 0 2 2 48 
NPD = not prepared to disclose 
NA = not applicable 
* = double entry by a single firm 
47 
ibid. , Table 14, p.22. 
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48 
the technological balance of payments. In such cases, "payment" may 
still be made, but in the invisible form of additional profits (where 
the Australian company is a subsidiary in particular). Patent figures 
show the same situation - that Australia exports very little technology. 
50 
48 
Table 7.11 
Australia's Technological Balance of Payments 1965-6 to 1974-5 
(Figures are based on overseas payments and receipts for 
royalties and copyrights) 
Year 
1965-66 
1966-67 
1967-68 
1968-69 
1969-70 
1970-71 
1971-72 
1972-73 
1973-74 
1974-75 
Recei pts 
(1) 
4 
4 
6 
7 
7 
6 
4 
4 
5 
9 
Payments (2) 
($A million) 
50 
56 
64 
63 
68 
64 
56 
75 
66 
75 
Deficit 
(l)-(2) 
-46 
-52 
-58 
-56 
-61 
-58 
-52 
-71 
-61 
-66 
Payments as a Percentage 
of GDP in Manufacturing 
as Factor Cost 
1.02 
1.06 
1.12 
0.99 
0.98 
0.86 
0.70 
0.84 
0.63 
0.63 
49 
50 
Source: Australian Bureau of Stati sties, BaZanoe of Payments 1974-75' 
Australian l^ational Accounts 1975-76 - Preliminary Statement 
No. 3; Gross Domestic Product at Factor Cost by Industry, 
(Ref.7.4), ABS, Canberra. 
From B.L. Johns (1978) "Technology as a Resource" in P. Hastings and 
A. Farran (eds.) Australia's Resources Future, Nelson, Melbourne, 
Table 6.1, p.167. 
B.L. Johns (1978) op. cit., p.169, notes that U.S. tax laws actually 
encourage this alternative. 
While the percentage of foreign applications is rising in almost 
every country for which figures are available, Australia nonetheless 
has a proportion of patents granted to foreign applicants (97.7% 
in 1974) that is second only to Canada in magnitude. Also Australia 
has a very low ratio (about 1:10) of patent applications in overseas 
countries to applications in Australia, by Australian-based companies. 
See B.L. Johns (1978) op. cit., pp.170-1 and P.C. Stubbs (1968) 
Innovation and Research, F.W. Cheshire, Melbourne, pp.36-7. 
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This could still of course mean that a lot of technological development 
is being done in Australia that is just for local application (and 
hence would not appear in any figures on balance of payments or overseas 
patenting). The previous discussion of experimental development in 
Australia would seem to indicate that this may be true, but only to a 
small degree, in the form of the adaptive developments undertaken by 
some private enterprise companies. 
Finally, it is important to consider the fact that technological 
dependence is just as validly indicated by the reliance on imported 
final products. That is, if a technology is utilised overseas and the 
product of that technology become a product which Australia purchases, 
as an import, then it is ultimately just as much a reliance on imported 
technology - in fact arguably even more so - than if the technology 
itself was purchased in some form. This effect, on the broader balance 
of payments situation, is contributed to by the tendency for companies, 
that have only licensing connections with the overseas "owner" of the 
technology, to be held to strict conditions in their agreements, 
preventing them from exporting the products consequent upon their use 
51 
of the licensed technology. In this way dependence is further increased 
See, W.P. Hogan (1957) op. cit. and J.N. Behrman (1962) "Foreign 
Investment and the Transfer of Knowledge and Skills" in R.F. Mikesell 
(ed.) U.S. Private and Government Investment Abroad, University of 
Oregon, Eugene, Ch. 5, espec. p.121. Hogan comments, 
"Export restraints, if not prohibition ... would suggest that 
the division of the world markets into franchise areas is of 
prime significance for the firm initiating new processes or 
goods", (p.155) 
- 256 -
Dependence may result even when the development work is completed, 
or largely so, in Australia. Lack of funding for demonstration plants 
and/or manufacture may well result in the manufacture being largely dis-
52 
placed overseas thus perpetuating the reliance on imported technology. 
Conclusion: 
At the beginning of this chapter it was asked; what is the political/ 
economic context of scientific R&D in Australia, that is, the context 
which solar energy research and other research fields in Australia have 
in common. It is now possible to give a description of that context. 
In short, Australia is a country with an expenditure on R&D which is 
considered to be relatively low and is declining (as a % of GDP). In 
particular, the involvement of the private sector in R&D, both as performer 
of research and source of funds, is low and despite attempts to encourage 
the opposite trend, it is declining. Developmental work seems to be 
relatively underemphasised, probably due to the relatively small 
participation of the private sector in R&D. Government efforts to get 
CSIRO, in particular, to become more involved in secondary industry 
research seems to have met resistance, if the intention is that 
considerably more developmental work be undertaken. This trend to 
involve the state (either at the Federal level or at the State level) 
is an important part of the incorporation of science discussed in 
Chapter 2, but the Australian experience in this regard illustrates 
the importance of not assuming any automatic readjustment of research 
52 
The Jackson Report noted that many of CSIRO's achievements had 
been wholly or partially manufactured and/or utilised overseas 
and not in Australia. Committee to Advise on Policies for 
Manufacturing Industry (1975) op. ait., p.42. 
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in this direction, and in particular, the importance of recognising that 
assumptions about the "proper" role of government research (for example, 
that it should not become too involved in research for the private sector) 
have a social power base which cannot be dismissed as a peripheral 
phenomenon. 
It has been argued that while tariff reductions might be considered 
to result in an increased incentive for private enterprise to undertake 
R&D, that as foreign controlled companies presently do most of the 
private sector R&D in Australia, removal of tariffs is likely, in the 
short-run at least, to result in a reduction of R&D done in Australia 
and in an even greater reliance on the importing of new technologies. 
In this way the R&D situation is very much bound up with the whole matter 
53 
of restructing of the Australian economy as in the current situation 
new technologies seem to have difficulty finding support within Australia 
at the demonstration and manufacturing stages, whilst it is largely on 
the basis of such technologies that the regeneration of industry could 
occur. One aspect of the economic restructuring which has occurred 
through the internationalisation of capital has been the growth of what 
may be described as a twin-pronged technological imperialism. On the 
53 
See, the Jackson Report, i.e. Committee to Advise on Policies for 
Manufacturing Industry (1975) op. ait. and the Crawford Report, 
i.e. Study Group on Structural Adjustment (1979) Report, vol. 1, 
A.6.P.S., Canberra. 
The latter report notes the reluctance of Australian companies 
to become involved in research and development, a reluctance 
increased in a time of recession but argues that this, 
coupled with dependence on imported technology, inhibits 
restructuri ng. 
"Product and process innovations developed within Australia 
are needed to provide the foundation for additional exports 
of manufactured goods and technological services", (p.7.22). 
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one hand there is the growth of dependence on imported technologies; on 
the other, the difficulty of getting funding for the development of 
technologies, the ideas for which originate in the dependent country 
and which may have the potential to decrease that dependence. 
This then is "the context". What now needs to be done is to 
situate solar energy research in this context. That is, given what we 
know about solar energy research from the discussion in Chapters 5 and 
6 and given this "context", what predictions and explanations can we now 
make with respect to the research field, solar energy research, in 
Australia. It is to these matters that Chapter 8 is addressed. 
CHAPTER 8 
THE IMPORTANCE OF SPECIFICITY WITHIN CONTEXT: 
SOLAR ENERGY RESEARCH IN AUSTRALIA 
This chapter sets out to describe and analyse so lar energy research 
in Aus t ra l i a in the l i g h t of the d i scus s ion in the previous chapters, in 
pa r t i cu la r , in the l i g h t of what has been said about f i r s t l y , what were 
termed the cha rac te r i s t i c s of so la r energy research " i n the realm of 
science" (Chapter 6) and secondly, the general context of research and 
development in Aus t ra l i a (Chapter 7). 
The chapter begins with a look at the state of so lar energy research 
funding in 1977 and the views of the so lar energy researchers with respect 
to th i s funding. The d i f f i c u l t i e s in th i s regard are related to the 
general context of research and development in Au s t r a l i a , as discussed 
in Chapter 7, and comment made on the actions recommended in response 
to th i s by the so la r energy researchers. The second section deals with 
government po l icy on so la r energy research at the time, so lar energy 
researchers ' expectations of change in th i s pol icy and the growth of a 
spec i f i c a c t i v i t y - publ ic re lat ions - by so lar energy researchers in 
th i s s i t ua t i on . A short th i rd section deals with key funding and pol icy 
developments s ince 1977, before the f ina l sect ion, which focuses in 
pa r t i cu la r , on the character of so la r energy research as a f i e l d " i n 
the realm of sc ience " , and attempts to i l l u s t r a t e how the s i tuat ion with 
respect to so la r energy research in Au s t r a l i a , as a consequence, explained. 
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The Funding Situation: 
In 1976-7, of the $26.8m being spent on energy research in Australia, 
1 
$4.0m was being spent on solar energy research. The absolute level of 
funding needs to be interpreted with care, however, as it includes the 
salaries of those involved and in fact this component accounted for, at 2 
a conservative estimate $3.0m of the $4.0m spent on solar energy research. 
Analysed by sector of performance, the federal government accounted 
for $2.3m (58%) of the $4.0m; state governments for $0.001m (0.25%); the 
private sector for $0.5m (12%) and the tertiary sector for $1.3m (32%). 
Amongst the government sectors, the major centres of solar energy 
3 
research were the CSIRO ($1.2m), Telecom ($133,000) the Australian Atomic 
Energy Commission (AAEC) ($7,000) and the Australian National Railways 
Commission ($20,000). Funding was almost totally from the Australian 
Government, an exception being a contribution (amount unspecified by the 
Japanese Government to a $35,000 solar cell program by Telecom. 
Department of National Development (1978) Energy Research and 
Development in Australia 1976-77. A National Survey, A.G.P.S., 
Canberra, p.6. The $4.0m may be a slight overstatement of the 
solar energy research expenditure as it includes 90% of the 
category "Other Renewable Resources", some of which are not 
solar energy based. 
2 
The Survey provided figures for man-years spent on each field of 
energy research, hence by allocating an annual amount to each 
man-year some idea of the amount of the total, explicable in 
terms of salary or wages may be obtained. Weighting in my 
calculation was $16,000 annually per researcher-year and $11,000 
annually per technician-year. In the Survey, if for example, 
a researcher had spent 25% of his time on solar energy research, 
25% of his salary was allocated in this accounting to expenditure 
on solar energy research. 
3 
The following funding details were not published in the survey, 
but were made available by special arrangement with the Department 
of National Development. 
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In 1976-7 approximately half the solar energy research ($) being 
done in the private sector in Australia was being done by BHP ($167,000) 
using its own funds plus funds from the Australian Minerals Industry 
Research Association (A.M.I.R.A.). The next two largest private enter-
prise solar energy research efforts, accounting for another $135,000, 
were undertaken by two foreign controlled companies, I.C.I. ($95,000) 
and Alcoa ($68,000), the main thrust being, in the case of the former 
on solar salt distillation and in the case of the latter, flat-plate 
collectors. Both companies relied solely on their own funds. 
Of the $1,266,000 spent in the tertiary sector, $159,700 came from 
ARGC and $139,100 from other sources outside the university where the 
research was being done. Thus $967,200 was from sources internal to the 
university; mostly, as previously noted, an allocated share of salaries. 
Table 8.1 
Tertiary Solar Energy Research Funding Sources, 1976-7 
$ 
ARGC 159,700 
Australian Companies''" 5,800 
Australian State Governments 53,500 
Other Australian (excluding University Funds): 
Australian Institute of Nuclear 
Science and Engineering 300 
Radio Research Board 4,000 
Electrical Research Board 16,800 
CSIRO 10,000 
Department of Primary Industry 6,200 
Overseas: 
Texas Technical University 4,500 
Office of Naval Research, U.S.A. 9,000 
Ormat Turbine Co., Israel 15,000 
Air Products & Chemicals Incorporated, USA 14,000 
Own Funding: 967,200 
1,266,000 
Source: see footnote 3. 
+This is likely be be understated through the possibility that some 
solar energy researchers may have included such funds as funds made 
available to the university and hence as "own funding". 
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This was pretty much the situation that existed at the time of the 
interviews - with one or two exceptions which are discussed later in the 
chapter - when there was widespread dissatisfaction with the funding 
5 
situation. In particular, the lack of funding for development and 
demonstration work was explicitly mentioned by 23 of the solar energy 
6 
researchers. 
"There's a good group working on more or less everything 
almost every facet's covered and if you look at the 
individual groups they've got pretty good reputations. 
It's just that people have reached the stage of having 
something that's good and wanting to put it in some sort 
of large scale units and they just haven't got the funds". 
(university scientist) 
"There's been one hell of a lot of solar energy research 
done, but what we need now is demonstration - and 
demonstration is a new name in the Australian context". 
(university engineer) 
The analysis of scientific research and development in general in Chapter 
7 made the point quite strongly that developmental research in Australia 
is that which is least emphasised, and, in respect of manufacturing in 
particular, where adaptive development and information of technology, 
dominates. With respect to the CSIRO researchers, involvement in 
Table 8.2 
Solar Energy Researchers' Comments on the Adequacy of Funding 
The solar energy research funding ^ 
situation is adequate 
The solar energy research funding 
situation is inadequate 
Non-commital 5 
44 
6 CSIRO, 17 university solar energy researchers. Thus CSIRO and 
university solar energy researchers are represented in closely 
equivalent proportions (50% to 53%). 
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development and in particular demonstration required participation by 
industry and this was forthcoming only to a very limited e x t e n t / CSIRO 
solar energy researchers were as critical as university researchers of 
the shortage of funds. 
"The actual numbers that are being allowed to work on solar 
energy here has decreased since 1973-74 and will decrease 
further. This is purely a numbers game that is being played 
by the government; the result is that the whole thing's 
become unbalanced and it's almost unworkable. People retire 
and aren't replaced. There's a limit to how much we can 
physically do". (CSIRO engineer) 
Evidence for this funding problem is provided by a confidential 
letter in the CSIRO archives from the head of CSIRO's solar energy Studies 
Unit to the CSIRO Executive, in 1975, well after the energy crisis. He 
'comments, 
"The present CSIRO solar energy program is in a very 
unsatisfactory state. The total research effort at the 
end of 1974, in terms of the number of research scientists 
employed in the program, was less than it was two years 
ago ... When the announcement was made 15 months ago that 
the position of Director of Solar Energy Studies was being 
created, there was a widespread impression that we were 
stepping up our activities in this field. There is now 
growing disenchantment with the realisation that this is 
not the case, but more serious is the dramatic drop in 
research output".® 
For the university based researchers there were two basic problems. 
Firstly, development and demonstration are widely considered to be not 
the sort of work in which university researchers should become involved. 
7 
See Chapter 5, p.152, footnote 29. 
Letter from R.N. Morse, CSIRO Solar Energy Studies Unit, to CSIRO 
Executive, Feb. 2, 1975, in CSIRO Archives, Series 3, items KZ 40/2/4 
"Enquiries: Solar Energy Research in Australia". 
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Secondly, and perhaps reflecting the first point, existing channels of 
9 
funding were not designed for the funding of such work. Thirteen of 
the solar energy researchers referred to the need for university researchers 
in Australia to rely heavily on Australian Research Grants Committee 
(ARGC) funding, but of the inadequacy of this channel as far as solar 
energy research was concerned, 
"Experience has shown that the kind of proposal that one 
makes in the solar energy related line fares very badly 
in ARGC. If what you are doing might have some relevance 
in 50 years they seem to like it; if what you are doing 
might have some relevance in 5 years time and be of use 
to the country they don't like it. I've been told to 
approach ARGC with what I wanted to do probably wasn't 
worth doing". (CSIRO engineer) 
"The ARGC's view is that from now it's an engineering 
project and so won't have a bar of it ... If I had to I'd 
say 'to hell with the physics', I'll concentrate on this 
engineering development side of the thing and get a 
collector that will sell. But of course that's not the 
approach the ARGC want. You have to dress up your 
project in such a way that it looks as if there's 
something that's definitely pure physics research". 
(university scientist) 
While a few solar energy researchers felt that the ARGC could be expected 
1 0 
to be more active in support of developmental work, the majority seemed 
to feel that it did a good job of seeing that funding went to the best 
9 
10 
10 University and 3 CSIRO solar energy researchers. 
Although it is not normal, there is in fact provision made for 
ARGC to designate specific research areas as of special concern, 
This had been in the past, with respect to upper atmospheric 
studies, marine research and interdisciplinary studies. 
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11 
fundamental projects and that the real need was for some parallel 
12 
institutional channel explicitly for the funding of developmental work. 
An analysis of the ARGC projects granted funds for the period 
1974-78 supports the assertion that it is not a channel for the support of 
developmental work, or at least, not for developmental work that does 
not involve a high degree (as determined by the ARGC) of "good science" 
as well as the technological aspect. Certainly where the main problems 
have been seen to be engineering rather than scientific, ARGC funding 
would appear to have been considered unwarranted. 
The difficulty with developmental work is, of course, that in 
general, the funding is simply not available in Australia to allow it 
to be competitive with, for example, the United States, in this regard. 
At the same time, most solar energy research is in fact concerned with 
solar energy utilisation explicitly through work which is very much 
intended to be research and development. The response of the majority 
of the solar energy research to this situation was to argue that what 
Evaluation of quality depends on perceptions of the quality of both 
the project being proposed, and the researcher, in respect to which 
one of the solar energy researchers commented. 
"To get money from the scientific system you have to be in the 
scientific system. It's important to have papers in the right 
journals", (university engineer) 
See also the comments in Chapter 6 , pp. 186-9 on publishing. 
12 
"There isn't the mechanisms set up. Old methods of 
channelling government funds are taxed and aren't always 
appropriate", (university engineer) 
"The ARGC will fund people who are doing research for research's 
sake. I think that there is room for a program which is needs 
orientated and where we all fit in". (CSIRO engineer) 
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was required was specialisation. For 4 of the solar energy researchers 
specialisation meant specifically not specialising in developmental work, 
"We can contribute at the oonceptual level but in terms of 
the developmental stage - the main stage, we aren't going 
to have a hope in hell of matching any of these systems". 
(university engineer) 
13 
however for the others who commented on this matter, specialisation 
meant that Australia should select specific aspects of solar energy 
research for development, albeit in many cases only some small component 
of a system rather than a whole system. There was however a wide range 
of opinions on what the United States solar energy researchers were not 
doing and what Australian solar energy researchers therefore should be 
doing. Eight of the solar energy researchers, for example, argued that 
Australian solar energy research should focus on innovative approaches 
because the U.S. approach was geared to the development of established 
approaches. 
"It's true, at least superifically that a country that spends 
$200m on solar energy could be expected to produce the over-
whelming developments and not the country that spent $2m. 
But you have to look at the way money is spent in the States. 
The Federal government, through ERDA funds demonstration 
projects; it funds commercial firms to build first off 
prototypes. That's where the money is going. The number 
of new ideas are really quite trivial. Just as many new 
ideas are being generated in Australia as in the States. 
The different is that there the ideas are being allowed 
to reach fruition". (university engineer) 
13 
11+ 
While only 23 of the solar energy researchers explicitly complained 
about inadequate funding of developmental work; a question was 
also posed which suggested that developmental work perhaps should 
not be done in Australia because of the dominance of the U.S. 
research effort. To this question, 39 of the solar energy 
researchers responded that specialisation was necessary. 
These 8 consisted of 4 university scientists, 3 university engineers 
and 1 CSIRO engineer. 
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"In America all the big money has been put into contract 
work, which is taken up by a private company and may or may 
not involve any special research. A contract is written 
out for a particular device which is secured by the company 
because it means money to them; it may not have had put 
into it all the research necessary to ensure that the device 
they are producing is the best possible one. It tends to 
build things based on knowledge at the time, it doesn't 
tend to gain anymore new knowledge ... Looking for new and 
innovative methods is the way in which Australia can make 
its biggest contribution". (university scientist) 
Fourteen of the solar energy researchers argued that Australia had 
a need to become involved in that solar energy research which was relevant 
15 
to the Australian situation but which was not being done overseas, that 
is, that it is not possible to simply import all relevant technologies, 
or even to simply adapt those developed overseas. 
"I don't think it's valid to say that one should sit back 
and let America develop the technology and we'll buy it in, 
because there are aspects that are particularly unique to 
Australia ... particularly in our area since the growing 
of sugar cane and cassava cannot be done in the States". 
(university engineer) 
The variety in the notions of how the focus for specialisation should be 
determined was even more noticeable when solar energy researchers actually 
nominate specific solar energy research foci, 
"It would be foolish for us to go into a new areas that 
the U.S. is already covering and where they are spending 
more money than we can expect to spend. VJe should 
concentrate on those things that we're demonstrably good 
at. On those things that are important to Australia ... 
in Australia and in the CSIRO specifically there is 
expertise that is leading the field in selective surfaces, 
air collectors and heat and mass transfer regenerators". 
(CSIRO engineer) 
"We can't compare with the U.S. at the power tower and 
satellite levels, but we can concentrate on small systems 
that produce electricity and heat". (university scientist) 
15 
These 14 consisted of 6 university scientists, 4 university engineers, 
3 CSIRO engineers and 1 CSIRO scientist. 
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"At the present stage the Americans are really looking at 
how they can get solar into the marketplace; they're tending 
to do large scale studies of systems and they're not looking 
at improvements to the basic hardware very much so we could 
still make contributions in the design of basic hardware -
in design of collectors and surfaces, for example. Also we 
have to choose areas which are of specific interest to our 
country, e.g. industrial process heat rather than solar 
thermal power production". (university engineer) 
As with a lack of agreement on priorities noted in Chapter this 
wide variety in terms of what the effective result of specialisation 
should be, in terms of foci for research is explicable in terms of the 
wide range of specialties represented amongst the solar energy researchers, 
(In practice this is likely to mean that even where there is agreement 
that research should focus on "innovative" research or "research that 
Australia needs", that there will by no means be unanimity as to what 
constitutes for example, "innovative" research). The reactions of the 
solar energy researchers to each other's work, as noted in Chapter 6, 
17 
illustrate the difficulty of achieving a concensus in this regard. 
Nonetheless, despite these differences, what the solar energy 
researchers had in common was a dissatisfaction with the current funding 
situation, a major aspect of which was the lack of funding for the 18 
developmental v;ork which most of them considered necessary. Nor was 
there much in government policy at the time, that was particularly 
encouragi ng. 
16 
Chapter 6, pp.180-1. 
^^ Chapter 6, pp.190-200. 
In practice, of course, were their criteria rigorously applied, 
it is likely that many of the projects would by the logic of those 
criteria be excluded. That is, it must be recognised that individual 
scientists will see a rationality for the support of their work 
that may not be so obvious to other researchers. The call for 
financial support, is also, in effect, a call for securement of, 
and justification of, their particular position. 
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Australian Government Policy on Solar Energy Research at the End of 1977: 
The clearest guidelines that solar energy researchers had on the 
government's attitude to solar energy research was the recent (1977) 
19 
Senate report on solar energy, which concluded that 
"solar energy will not make any significant contribution to 
Australia's energy needs, before the end of the century", (p.86) 
apart from low grade heat applications for industrial purposes, 
heating and cooling of buildings and small scale power generation 
for remote areas there will be no encouragement of developmental 
work, rather, emphasis should be on the maintenance of a watching 
brief on overseas research and development, (p.86). 
"After the turn of the century there will be a need to develop 
alternative energy resources to replace the fossil fuels". (p.l6) 
"there should be no separate action to increase the level of 
funding or accelerate the development of solar energy until the 
overall energy policy is established", (p.85) 
"It seems unlikely that solar energy will make any significant con-
tribution to overcome Australia's deficiency of liquid fuels", (p.18) 
"as large scale, central power generation using solar and wind 
energy will not be feasible before 2000, additional funding in 
this area is not needed in Australia", (p.87) 
"no Government research assistance in the field of photovoltaics as 
the application of this technology is highly specialised", (p.87) 
19 
Senate Standing Committee on National Resources (1977a) Report on 
Solar Energy, A.G.P.S., Canberra. 
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"it is necessary to maintain a group of scientists and technologists 
in Australia working on solar energy projects and that there is an 
associated need for the involvement of industry to develop concepts 
into practical industrial application", (p.85) 
no taxation incentives be given to individuals or equipment manufac-
turers to encourage increased use of solar equipment, (pp.86-7). 
However, there are a number of inconsistencies involved in the 
conclusions reached by the Senate Committee, Firstly, there are 
inconsistencies between the conclusions and the information given in the 
body of the report, for example, they recommended support for research 
aimed at providing replacements for imported oil (p.87), and argue that 
solar energy is unlikely to make "any significant contribution" (p.18) 
to this, although elsewhere they comment 
"On a national scale, solar energy can progressively supply 
more and more of our heat needs and save oil and natural gas, 
which are Australia's scarcest fuel resources", (p.43) 
Secondly there are inconsistencies between recommendations. For example, 
a viable solar energy research community is expected to be maintained 
presumably on the basis of their doing fundamental studies or involving 
themselves in co-operative efforts with industry. However, most solar 
energy research is at least applied, if not developmental in its 
orientation, while industry involvement is small and certainly hardly 
likely to be encouraged by the recommendation of no taxation assistance. 
The conclusion and recommendations of the Senate Committee indicate 
that most of the solar energy research "projects" are dismissed on the 
basis of the Committee's view that they are either uneconomic or unlikely 
to be of importance this century (or both). In reaching this position 
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the Committee claims of the many solar energy researchers who argued quite 
20 
the opposite. 
The report implicitly argued the following: 
(i) that if a technology is not going to make a major contribution for 
20-30 years it is therefore not relevant to present research con-
siderations . 
(ii) that economic competitiveness is unproblematic, that there is no 
need to consider the basis of pricing of competitor energy sources 
(therefore nor, to consider the validity of comparing the cost of 
an established technology with the cost of a developing technology). 
Not surprisingly, the 15 solar energy researchers who mentioned the 
Senate Report, were critical of it. 
"They concluded that solar energy wasn't going to play much 
part in Australia for the next 10 years. When you're fighting 
that sort of mentality I don't think that anyone's got much 
chance of improving the outlook". (university scientist) 
"It was very disappointing. There was nothing very positive 
about it". (university scientist) 
"The Senate Committee's report was a classic non-event 
It's quite extraordinary; the conclusions the committee came 
to, bear no relation to the evidence. It was a non-sequitar". 
(CSIRO engineer) 
21 
20 
Sometimes the rejection is explicit, for example, viz., solar ethanol 
they comment, 
"The Committee considers that the future competitiveness of this 
fuel with petroleum is dependent on a number of unproven hypo-
thetical propositions", (p.54) 
21 
As this is one of the key considerations with respect to the development 
of technologies, a short discussion of how "social assumptions" play 
an implicit role in notions of cost-competitiveness is presented in 
Appendix D, "The Problematic Nature of Cost Competitiveness - The 
Case of Energy Technologies". 
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"This bloody ridiculous report ,- it's so negative and ill 
founded in many areas that I'm annoyed that they wasted so 
much of our time. I suspect that there was some sort of 
political influence in there to play it all down". 
(university engineer) 
Nor were the majority of the solar energy researchers particularly 
hopeful of a significant change in the government's attitude to solar 
22 
energy research. Whilst all but 6 felt that action in the form of an 
energy policy had the potential to be good for solar energy research, 23 
24 of these 38 gave highly qualified replies. Eleven, were not at all 
confident that explicit policy, in this regard, would actually be formu-
lated whilst 18 expressed doubts as to whether such policy, if 
formulated would greatly improve the lot of solar energy research. 
"The real problem is that the decisions get made for 
political reasons, because of certain people in powerful 
positions - it's very subjective. Just what sort of 
policy you'd end up with is anyone's guess. I can imagine 
science policy that wouldn't give solar energy much place 
at all". (university engineer) 
"The question is what kind of energy policy is produced. 
At the moment advice comes from too narrow a channel; it 
might therefore not be a particularly representative 
document". (CSIRO scientist) 
In particular the comments of these 17 referred to the influence of 
the established technologies, amongst the scientific establishment, 
industry and in government. In respect of the scientific establishment 
22 
23 
24 
Of these 6, 2 doubted the utility of such policies in general, 
and 3 were non-commital. 
These 11 did not seem to represent any one particular group - 3 were 
university scientists, 3 CSIRO engineers and 5 university engineers. 
Similarly, these 18 represented a wide range of groups - 9 university 
scientists, 4 university engineers, 3 CSIRO scientists and 2 CSIRO 
engineers. (The number in this category is 18 rather 13, because 
5 solar energy researchers gave both qualifications). 
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2 5 
the concern was mainly that already noted in Chapter 6 that solar 
energy research is not adequately represented amongst the scientific 
establishment and in particular amongst policy making bodies. 
2 6 
"I'm not sure that we're properly represented [by NEAC] 
I've heard one of these energy advisory people talk and 
his views on energy to my way of thinking are absolutely 
pathetic. I thought 'God, if that bloke's in there on 
that central committee we're in a bad way. If he swings 
the Australian government into his way of thinking it's 
a pretty dismal situation". (university scientist) 
"There'd be the risk that it would be formulated by people 
like [NEAC] which would lead to an erroneous policy ... 
"It's [NEAC] heavily loaded with people from the coal and 
oil industry and they still believe that the future lies 
in getting oil from coal and that we shouldn't trouble 
ourselves with solar energy ... It's built-up from the 
wrong sort of people". (university engineer) 
"It's hard to get people with innovative ideas into the 
policy community. If you look at NEAC there's an oil man, 
a coal man, a gas man, etc., and one renewable fuel man. 
What hope has he got". (university scientist) 
The role of the scientific establishment is especially important 
in Australia, because of the general pattern of research and development 
outlined in Chapter 7. The low level of industrial research and develop-
ment means that unlike, for example, in the U.K. or the U.S., there is 
no major alternative research sector. That is, the government stands 
dominant. Thus the more immediate priority of application, that orders 
most industrial research and development, is not present. 
Developmental work in Australia, if it is to be done, more clearly 
requires a specific decision by the government and it is here that the 
scientific establ ishm.ent plays an important role. If the comments of 
25 
See Chapter 6, pp.203-7. 
26 
NEAC (National Energy Advisory Committee). 
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the solar energy researchers with respect to the scientific establishment 
are valid, then it follows that this has more serious consequences for 
solar energy research in Australia than it would for example, for solar 
27 
energy research in the U.S. 
In respect of government and industry, the feeling was that it was 
difficult to compete with the established interests, although only a few 
were particularly explicit in this regard. 
"The Federal government I don't think could care less about 
solar energy. They get assailed by coal producers and uranium 
producers who talk about multi-mi 11 iondol1ar ventures". 
(university engineer) 
"An enormous amount of influence amongst our legislators 
comes from multinational companies who have their ways of 
convincing legislators even if it's just by putting the 
view forward much more frequently than we can put it 
forward, at dinners and breakfasts, etc., that they 
certainly don't want solar energy. It's the devil as 
far as they're concerned. What they want is to sell 
coal and that they've got as a resource. They don't 
want solar energy; that would devalue their assets, so 
they put in a considerable amount of effort all over the 
world, batting down, most effectively, the money for 
solar energy r e s e a r c h " . ( u n i v e r s i t y scientist) 
"The problem is that energy is such a big money spinner 
and the Liberal government is effectively under the 
control of big business - there's no doubt about that 
... VJhen the Labour party's in power it's just the 
same - they have to talk to big business and there's 
a tremendously powerful lobby by big business". 
(university scientist) 
27 
28 
This matter is explored in more detail when the specific character 
of solar energy research is looked at in more detail later in this 
chapter. 
One solar energy researcher told the following, possibly apocryphal 
tale: 
"Over 100 years ago a Swede built a solar energy based 
desalination plant in the U.S. mid-west and he had a lot 
of trouble and resistance - he'was shot at - from existing 
business in that he cut right across the profitable 
business of water carriers", (university engineer) 
- 275 -
The picture that has been painted of the views of the solar energy 
researchers on funding and policy matters in 1977, is one which shows a 
significant degree of dissatisfaction with the current situation and an 
apparent belief amongst at least half of them that the situation was 
possibly not going to improve greatly in the near future. 
It was in this climate that most of the university departments 
involving large solar energy research efforts began to search more 
actively for funds. During 1977, the work of both Professor Davies' 
group at the University of New South Wales, and Professor Sabine's group 
at New South Wales Institute of Technology, had become more reliant on 
funds from Australian industry than on other sources of funds, however, 
most groups remained without such support. Nor given the generally 
conservative position of most Australian companies on investment in 
29 
research and development was it likely that they would become heavily 
involved, in particular, in those projects which were relatively long 
term in nature, or if they did it would likely compromise the goals of 
the research in that the pressure to produce technology in the short 30 
term would be increased. 
29 
See Chapter 7, passim. 
30 
During the course of the interviews, 13 of the solar energy 
researchers commented on the potential for compromising of 
goals in such situations, 
"... the kind of research we have is a long-term project 
and really should be funded by public funds as it is in the 
public interest, or could be anyway. This long-term thing 
is the province of governments. You can't expect industrial 
concerns, multinationals and the like to fund things that 
may not pay off for 5 - 1 0 years. But nevertheless, that's 
the position we're in so when we go to multinationals or to 
local organisations we have to, in a sense, change our tack 
and do principal things that will give them a spin-off in 
the near future. That's unfortunate but that's how it has 
to be", (university engineer) 
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The major new development in the search for funds was the growth 
of public relations activity by many solar energy research groups. In 
particular much of this new activity was directed at potential overseas 
investors because of the recognition of the limited opportunities for 
increased, and in particular, large scale, support from either the 
federal government or, in particular, private industry in Australia. 
In this regard the Sydney University physics group was particularly 
successful, negotiating a $5m grant from Saudi Arabia. Other universities 
including Flinders and New South Wales were also involved in such efforts 
but without the same success. State governments also became more active 
during 1977, the most significant single action from that quarter being 
the $lm grant to the physics group at Sydney University by the New South 
Wales State government. Thus by the end of 1977, the funding situation 
had improved, but only for a few of the solar energy research groups. 
Nor were the large grants to the one group, seen as indicative of a 
fundamentally improved situation. For a number of solar energy 
31 
researchers they seemed to almost epitomise the fundings problems; 
that the future of solar energy research should not be so uncertain 
/ 
as to depend on ad hoc grants. 
30 
31 
(cont'd) 
"You've got to be seen to be producing things that are useful, 
something visible. It mediates against better long-term work 
unless the money is committed without obligations. It's always 
very difficult to strike a balance between being able to draw 
on external funds and being able to remain independent in the 
way that you want if you wish to pursue some research that will 
take several years. If someone is funding you on a quarterly 
bais, you may have difficulty justifying every 3 months what 
you're doing". (CSIRO scientist) 
For a detailed discussion of this public relations activity, 
see Chapter 9. 
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"The level of funding is pitifully low ... Most of us get 
funding when an election is near, let's face it. The Arab-
type funding does not encourage continuous research, it's 
ad hoc and stop-go type funding. If the research is not 
going to be co-ordinated and properly funded it's just 
going to be fiddlesticks and it's a waste of money. We 
need a lead time of at least 10 years in which fundamental 
ideas can be explored and exploited", (university scientist) 
"Funding seems to a matter of luck, benignity, just a 
lucky chance". (university scientist) 
Several solar energy researchers commented that one off grants like 
that received by the University of Sydney from the New South Wales 
government were no way of putting the funding of solar energy research 
on a rational footing. 
"It's good politics to grant money to a popular field. 
Most of the funding solar energy research has received 
from Australian governments has been because of public 
interest ... In solar energy it's been purely a political 
response to a cry from society and this is not judging 
solar energy properly. It should be a scientific assessment". 
(CSIRO engineer) 
"It can be put down to political point-scoring ... Only 
when the Federal government decide to fund solar energy 
research on a continuous and expanding scale can we 
conclude that finally the politicians have seen the light". 
(university scientist) 
By "rational footing", the solar energy researchers were referring to two 
main matters; firstly, that funding should go to the "best" projects 
(however, as noted in Chapter 5, there is little agreement on priorities 
in this regard, nor, given the cognitive diversity of the field, would 
one expect there to be); secondly, that some continuity of funding exist 
for purposes of stability. 
"It's important to reward people in solar energy with some 
sort of position and not have them go year to year on money 
from a project or they're likely to give up and go somewhere 
where they can get a more secure job ... It's very hard to 
work when you've got a financial crisis coming every six 
months". (university scientist) 
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This chapter so far has described the setting in which solar energy 
research was taking place in the period immediately prior to, and during, 
the interviews. The data on funding and policy has indicated that where 
substantial funding was forthcoming that much of it was on an ad hoc 
basis and that government policy gave solar energy research little 
encouragement. The reactions of the solar energy reseachers at this 
period have been noted and categorised and they give a fairly detailed 
impression of the dissatisfaction current amongst solar energy researchers 
at this time. Before discussing the significance of this situation in 
terms of the analysis presented so far, some attention needs to be given 
to developments since that time, because these too should be able to 
be seen as part of the overall pattern. 
Developments 1978 
In 1978, the ASTEC report on energy research and development in 
32 
Australia appeared and it was encouraging for a wider range of solar 
energy research than had been the Senate Committee Report. In particular, 
solar energy research relevant to the biconversion of crops to produce 
liquid fuels, and to photovoltaic cells (albeit, still, in reference to 
applications in remote areas), were explicitly recommended for support. 
Nonetheless the opening sentence of the section on solar energy - "The 33 
Council believes solar energy research should be kept in perspective" 
[my emphasis] - indicated that solar energy was still seen as basically 
a supplementary technology and that a number of solar energy researchers 
were still likely to find little support coming from the Australian 
3 2 
Australian Science and Technology Council (ASTEC)(1978b) Energy 
Research and Development in Australia, A.G.P.S., Canberra. 
33 
ihid., p.26. 
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government. In particular, in respect of large scale generation of 
electric povyer, it recommended that Australia rely on United States 
research and simply ensure that Australia held a watching brief so that 
31+ 
it was able to modify overseas developments to Australian conditions. 
3 5 
Then later in 1978, a NEAC report recommended that expenditure for 
research and development by the federal government, in all energy fields, 
increase in total by $6m for 1978-79, $9m for 1979-80 and $12m for 1980-1 
(all at June 1977 prices). In respect of solar energy research its 
recommendations were very similar to those of ASTEC, the major exception 
being that bioconversion was seen as less significant option and they 
recommended that research in this field be restricted to a watching brief 
on overseas developments, feasibility studies and relevant laboratory 36 
experiments. (A significantly greater importance was attached to coal 
liquefaction). As with ASTEC, NEAC recommended that large-scale 
electricity generation research be limited to a watching brief, its 
relevance being evaluated as "not this century". (By comparison, nuclear 38 
fission's relevance was evaluated as "late this century). 
3tf 
ibid. , p.30. 
National Energy Advisory Committee (NEAC) (1978) Proposals for a 
Research and Development Program for Energy, NEAC Report No. 3, 
A.G.P.S., Canberra. 
36 
ibid. , pp.12-13, 20. 
37 
ibid. , pp.8-9, 20. 
ibid., pp.12, 20. 
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In May 1978, the Federal government appointed a twelve-member 
council - the National Energy Research and Development and Demonstration 
Council (NERDDC) to assess proposals for energy research and on that 
basis to advise the Government in financial support for proposals. In 
September 1978, seven technical standing committees to help NERDDC were 
established. Each standing committee covered its own area. With 
respect to solar energy research there were three that were relevant. 
Technology of Synthetic Fuels; Solar-Thermal, Conservation and Magneto 
Hydrodynamics and Solar-Electric Hydrogen, Transportation, Batteries and 
Environment. These sub-committees were responsible for assessing the 
proposals for support that came under their designed area. 
In total NERDDC allocated $15.3m in the year 1978-9.^^ Solar 
energy research, in the broadest sense, received $3.6m, the largest 
category ($) being ethanol production which received $1.5m; thermal 
applications received $980,000; direct conversion to electricity; $540; 
thermal to electricity $332,000; and wind $220,000. The number of 
projects in these categories were, respectively, thirteen, sixteen, 
eight, five and four, for a total of 46 projects. 
39 
i+O 
Minister for National Development (1979) Press Statement, Canberra, 
2 May. Most grants were to cover 2-3 years. 
Table 8.3 
Number of Solar Energy Research Projects Funded by NERDDC, 
1978-9, by Sector and Type of Solar Energy Research 
Type of Solar Energy Research 
Sector ethanol thermal direct conversion thermal to 
- — — production application to electricity electric 
CSIRO - 2 - - 1 
Tertiary 6 10 6 4 1 
Private 6 2 2 - 1 
enterprise 
State govt. i 2 - 1 1 
bodies 
13 16 8 
Source: Adapted from Minister for National Development (1979) op. cU. 
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The next major funding announcement with respect to solar energy 
research came in May 1979, when the New South Wales Government announced 
that it was to fund an $800,000 project by the A.N.U. solar research team, 
which would involve the building of a prototype solar energy power 
station in a small town (of about 10 houses) in the far-west of New South 
Wales and which should result in about two years time, in all the town 
tf 1 
electricity needs being supplied by the solar technology. 
Comment and Conclusion - Explaining the Course of Solar Energy Research: 
During the course of this chapter, the effect of the context -
scientific research and development in Australia - has been noted. It 
is now time to pull together these comments and to show, in particular, 
how the specific characteristics of solar energy research as a research 
field "in the realm of science" contribute to this effect. Solar energy 
research is a very diverse field, covering a wide range of disciplines, 
specialties and objectives. The term "research orientation" was coined 
in recognition of the fact that the links between one solar energy 
research field and another may be only at the most extreme level of 
generality, that of "using solar energy" in some sense. The limits to 
the field, solar energy research, are not theoretically defined and in 
particular with respect to the large number of non-central solar energy 
researchers it is largely a matter of self-labelling that determines 
the designation of the researcher as doing solar energy research. Given 
this diversity there is, not surprisingly, a lack of cognitive concensus. 
41 
This project would not use the solar ammonia project on which the 
A.N.U. have spent most of their research time (see Chapter 5, 
pp. 148-9). Rather in this project, concentrating collectors 
will be used to supply superheated steam to an engine driving 
an alternator. 
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This diversity is compounded by the lack of clear agreement on priorities 
amongst the solar energy researchers, which affects the ability of the 
solar energy researchers to present a united front in the interests of 
solar energy research. It also means that policies that affect solar 
energy research will almost always be most favourable to some projects 
and approaches than others. When the level of funding of solar energy 
research is low, the tendency is magnified. 
In particular, the developmental emphasis in much of the solar 
energy research, in a situation where there is not a great deal of 
funding available for such work, is likely to lead to considerable 
dissatisfaction, as was apparent in 1977. Whether funding for develop-
mental work is forthcoming in the case of a specific research field 
depends heavily on the priority allocated to that field by potential 
funders and/or policy makers. In Australia the question of the priority 
e -
attached in solar energy research by private enterprise, is pt;empted by 
the structure of research and development, in that relatively little 
developmental work is done in Australia. With respect to the 
priority attached to it by other scientists, the significance of the 
relatively low prestige of solar energy research needs to be noted. 
Most solar energy research offers few clear fundamental problems; 
certainly there is no clear priority to focus research in the field 
and nor does it have the attraction of involving the high technology 
such as that used in fusion or fission research. It is seen largely as 
"mundane" science. Also a number of negative images are attached to 
4 2 
See Chapter 6, pp.180-1. 
- 283 -
solar energy research - "too applied", a "bandwaggon area", a "crank area", 
etc. Together these reduce the likelihood of arguments for the support 
of solar energy research on the basis of its scientific importance. Also, 
solar energy research, as a relatively new field in respect of its being 
viewed as a potentially significant contributor to energy technologies, 
has few representatives amongst those who are concerned with policy making 
on energy matters. The people who are currently the energy experts are 
almost all, therefore, trained in the established technologies - oil, 
gas, coal and nuclear, who will have an understandable predisposition 
towards energy futures in which these established technologies play the 
major role. As a new field it also competes for scarce resources with 
established fields and in this regard has little of the power and support 
of established fields; Scientists naturally become attached to the field 
in which they have an investment as a field of knowledge and, as is 
relevant here, as technology. Solar energy is in various ways, potentially 
at least, a competitor with established energy technologies. It shares 
the resistance to its intrusion with most innovations of all kinds, 
although in this case, it does not have the aura of "the important new 
discovery/contribution"; to reduce such resistance. 
In the short run at least, it is unlikely either that Australian 
industry will become much more development orientated or that 
the prestige of solar energy research within the scientific community 
will rise greatly. Certainly no such changes can be said to have 
See Chapter 6, pp. 190-200. 
'''' During debate on the ASTEC Bill in 1978, both Dr. Klugman (Labor) 
and Mr Hayden (Labor) complained that ASTEC members disproportionately 
represented established technology and big business. Hansard, 
25 May 1978, pp.2520, 2523-4. 
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occurred between 1977 and 1978, that could account for the change in 
the funding situation of solar energy research. What did happen was that 
the whole energy area was designated as of special significance by govern-
ments both State and Federal. As a consequence significantly more funding 
flowed into energy research. The NERDDC structure of sub-committees 
meant that solar energy researchers requesting development funds were for 
the first time having their projects evaluated by committees on which the 
majority of the members were actually involved in some aspect of solar 
energy research. Given the low level of funding available to most solar 
energy researchers prior to this time, especially for developmental work, 
the funding that flowed into solar energy research as a result of this 
new scheme made solar energy research a much more viable field for 
developmental work than it had been previously. It would be interesting 
to do further interviews now to see just how the views of the solar 
energy researchers on funding have changed since the introduction of 
this source of funds. Significantly, the additional funding came about 
as a result of energy research being designated of special importance, a 
factor which is almost a pre-requisite for developmental work in the 
Australian context because of the low level of normally available 
developmental funding. 
In respect of this new surge in funding for solar energy research, 
a few points need to be noted. Firstly, it does not mean that the 
government policy on solar energy research has changed; that it is now 
anything other than a supplementary technology to coal and possibly 
uranium based technologies. However given that most of the solar energy 
researchers are not particularly attached to an energy future in which 
solar technologies replace coal and uranium this is not likely to 
See Chapter 6, p.216, footnote 38. 
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concern most of the solar energy researchers, provided that they have 
sufficient funds to progress with the developmental work that they wish 
to do. 
Secondly, it is not yet clear whether the developmental funding 
made available to the solar energy researchers will be sufficient to 
result in the development of superior new solar energy technology 
components, o r , perhaps more pointedly, sufficient to give this result 
before solar energy technology produced overseas - in particular in the 
United States - become economic and available, in Australia. 
Already Japanese flat-plate collectors are being sold in Australia, 
whilst Solarex Corporation, one of the largest solar energy research 
companies in the U.S. has had the rights to sell its product in Australia 
1+6 
bought by Transmission Products Pty. Ltd. It is with respect to the 
larger scale solar energy technology that the overseas presence could 
be felt the greatest and in this regard representation from McDonnell 
Douglas Corporation have already visited Australia to publicise a lOO-kw 
solar power plant which they have developed and which they have presented hi 
as "specifically suited for Australian homes and industries". Thirdly, 
in the light of previous Australian experience, it is hy no means olear 
if Australian solar energy researchers do develop improved solar energy 
technologies, that Australian manufacturers will he prepared to finance 
the manufacture of the technology. Solar energy technology developed 
here, may in fact be manufactured overseas. 
^^ Senate Standing Committee on Natural Resources (1977b) Solar Energy 
Hearings, A.G.P.S., Canberra, pp.1898-9. 
1+ 7 
The Australian, "Home Solar Unit on Show", Feb. 17, 1979. 
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The key point, of course, is where one sees the end point of 
development as being. For the researchers, the satisfaction may lie in 
the production of some new or improved technology. On the other hand, 
if one focuses on technology as an economic factor, the question of 
where it is manufactured may be as important as, if not more important 
than, the question of where the initial development of the technology 
took place. 
This chapter has also illustrated the. importance of the particular 
question being asked,on the way the concept of level of effects is applied. 
Specifically this refers to the use of the concept in two contexts, the 
first being the influences on scientific activity (both research and 
development) within the boundaries of a nation-state; the second being 
the influences on science in the universal sense. One of the contributions 
of this chapter is that it has shown how the existence of these two 
levels has important consequences for the solar energy research done 
in Australia, particularly because of the technological nature of most 
solar energy research and the context of developmental work and techno-
logical dependence that exists in Australia.^® As such this is an 
important addition to the analysis of the levels of effect presented 
at the conclusion of Chapter 5. 
A particular point of note about this chapter also, is that the 
analysis of the situation in which solar energy research was placed in 
the period 1976-7 has explicitly utilised an explanation incorporating 
both solar energy research as an economic activity and solar energy -
This in turn has an effect on the site where assumptions about 
technological forms are most accessible. For an expansion of 
this point see Appendix E "The Analysis of the Development of 
Technology Revisited". 
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research within "the realms of science", and which is illustrative of 
the possible advantages of supplying a more holistic approach to the 
social study of science. 
In the following chapter, the focus changes from the level of 
analysis dealt with in this chapter - the importance of being a 
specific research field within a specific pol itical/economic context -
to a focus in detail on one mode of activity undertaken by many of 
the s.olar energy researchers - public relations - looking in particular 
at why it has occurred and what the reactions of solar energy researchers 
to this particular activity has been. 
CHAPTER 9 
PUBLIC RELATIONS IN SOLAR ENERGY RESEARCH 
A focal point of the analysis presented so far in this thesis has 
been the changing nature of solar energy research in Australia. Atten-
tion has been given both to documenting these changes and to discussing 
their significance. The expansion of solar energy research in the 1970's 
has been seen to involve a significant qualitative component as well, 
in the form of, for example, the range of research interests that have • 
assumed the label "solar energy research" and the associated expansion 
of specialty representation amongst the ranks of solar energy researchers. 
At the same time there has been a significant change in a non-research 
component of solar energy research in the form of the increasing 
involvement of solar energy researchers in public relations activity. 
1 
This development was briefly noted in Chapter 8; the objective of this 
chapter is to focus specifically on the significance of this activity. 
By use of the term public relations, the activity being referred 
to is that which is taken with the explicit intention of improving 
the funding situation of the researcher or research group (or that of 
the group on whose behalf the public relations is undertaken). 
Why Does Public Relations Activity Occur? 
Each instance of public relations will have its own unique history. 
Nonetheless, it should be possible to discuss the occurrence of public 
relations activity as a generic category of activity. The question 
that is being asked in this regard is whether it is possible to identify 
1 
Chapter 8, p.276. 
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specific conditions which are conducive to the occurrence of public 
relations activity. 
From the analysis presented in Chapters 7 and 8, it is possible to 
point to one condition that is likely to be of considerable importance 
in this regard, that of "shortage of funds". This is in fact a label 
applied by the researchers themselves as there is no basis for assuming 
a supra-labelling criterion of "shortage". That is, shortage is a 
relative term, specifically a term referring to a comparison between 
available funding and the funding deemed necessary for a desired 
research program to commence or continue. Opinions may vary both as 
to the funding required to do this and as to the desirability of under-
taking the research, or at least its priority in terms of funding. 
Hence "shortage of funds" must be seen as a label applied by specific 
researchers. Once this stage ("shortage of funds") is accepted 
implicitly by the specific researchers, and established channels seem 
unlikely to provide the shortfall, then the potential exists for those 
researchers to engineer an intercession into the "normal" course of 
funding of research and development. The period 1975 to mid-1978 can 
be expected to have been a particularly critical period in regard to 
this criterion for the likelihood of public relations activity. By 
that time many of the solar energy research groups were approaching 
the stage of wishing to undertake developmental work, whilst it was 
also prior to the time that institutional channels for grants to such 
work had become established. 
The second condition that can be identified is that of what may be 
termed a "conducive climate", that is, the existence of conditions which 
give the researchers a basis for belief that public relations activity 
may prove fruitful. In this regard, there was no doubt some encouragement 
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in the form of what one solar energy researcher described as the 
"reservoir of goodwill" for solar energy, in the community, and the 
consequent interest of the media in solar energy related matters, which 
meant that solar energy researchers who wished to be publicised did in 
fact not have to try too hard to attract media attention, that is, 
journalists in particular were increasingly seeking "solar energy 
2 
stories". This media interest means that solar energy researchers 
could (and still can) undertake public relations of a diffuse nature,-
that is, public relations which conveys the message through the mass 
media rather than simply approaching specific industries or companies. 
It thus allows "public" public relations as well as "private" public 
relations. The former are aimed primarily at public sector bodies and 
rely on both a direct effect and a mediated effect, with the public 
3 
being the intermediary. The public interest in solar energy - "the 
reservoir of goodwill" means that solar energy research can use the 
public as an additional resource to bring some pressure to bear on 
potential funding bodies. Public relations activity has therefore 
both defensive and offensive dimensions, the former referring to 
response to a threat such as a "shortage of funds", the latter to 
the incentive to undertake public relations if there is reasonable 
expectation of success. 
As a result of such activity there have been some significant 
successes, for example, the publicity given to solar energy research 
at the A.N.U. was instrumental in the extension of funding to that 
See also the comments, pp.299-300 of this chapter. 
The media coverage did not only reach public sector bodies however, 
as one solar energy researcher noted: 
"Since the newspaper articles, a whole host of multinationals 
have contacted us and discussed things. It's produced the 
kind of interest in our project that I don't know what else 
would produce", (university engineer) 
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research, which would otherwise have been severely curtailed. The most 
spectacular successes however were achieved by the Sydney University 
physics group. In April 1977 it was announced that the New South Wales 
(N.S.W.) government was to give this group $lm over 3 years. Then in 
November 1977 it was announced that the same group was to receive a 
$5m grant from Saudi Arabia. It is significant that the funds did not 
come from Australian industry or even from the Federal government, but 
from an overseas source and from a State government. In the light of 
the comments made on the funding of developmental work in Australia, 
in Chapter 8, it is not surprising that some solar energy researchers 
directed their public relations activities overseas. The 1977 announce-
ment of the "breakthrough" at Sydney University was made to the media 
in London, which in itself was probably part of the public relations 
plan. An announcement had been previously made in Australia, one year 
earlier (April 1976),but had received little attention from the media 
(solar energy research had not yet become "topical") or from Australian 
industry. 
Solar Energy Researchers Reactions to Public Rel ations Acti vity: 
The $lm grant to the Sydney University group was the first major 
grant for solar energy research to any group in Australia. The 
relative magnitude of $lm can be gauged when it is realised that it 
was at that time approximately the equivalent, excluding salaries, of 
the total amount per year available to all solar energy research in 
4 
At about the same time a different solar energy research group had 
been offered financial assistance (amount unspecified) by the 
Premier of another state, but when this was announced in the press, 
solar energy researchers in the Premier's state made it quite clear 
to him that they considered that his first responsibility was to 
fund solar energy research in his own state. Subsequently, the 
offer was frozen pending further inquiry. 
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Australia. The solar energy researchers, particularly those in New 
South Wales were very critical of the grant. Of the 15 interviewees 
who were solar energy researchers in New South Wales, 12 explicitly 
referred to the ill-feeling that existed at the time. 
"There was one bit of funding that everyone in the scientific 
field thought was not justified - that was the funding of 
the Sydney University research by Wran.^ I was one of the 
many who wrote to Wran and told him what we thought of him. 
This could have caused some tension between Sydney University 
and other groups because the other groups just never had a 
chance to compete. (university scientist) 
"For a while people were ringing up the newspapers saying, 
'Come out and interview us you bastards and put us on the 
front page and not them' - it was really bad for a while". 
(university engineer) 
These 12 included members of the group on the receiving end of the 
criticisms. 
"When it was announced that we were getting this grant from 
the New.South Wales government ... some people at [ ] 
made some rather foolish remarks; that they were doing better 
and should have got the money. This was an unwise thing. 
It was sour grapes". (university scientist) 
"There's certainly jealousies and tensions between groups. 
The State government's gift to Sydney University did upset 
some other groups who were probably equally worthy. They 
feel they could have used the money too. There were 
individuals in other places who were upset. [ ] has 
been annoyed that all the money has gone to Sydney University 
and that he had not got any". (university scientist) 
However the other three New South Wales solar energy researchers 
said that there had been no ill-feeling as a result; one of the solar 
energy researchers (from the same department as the most vocal critics) 
was most emphatic on this point. 
^ Mr. Neville Wran, Premier of New South Wales. 
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"After press publicity on [ ] there was publicity also 
on the research at [ ] and this gave those outside solar 
energy research groups the impression that one university 
was vying with the other. This did not extend to the 
research groups themselves, we've never had anything other 
than the utmost co-operation. There's not many groups in 
competition so we tend to complement. I think that our 
attitude is that if Sydney University can get substantial 
funding for its research this is good and that rather than 
to try to channel some of that funding towards ourselves 
we should try to get some independent funding". 
(university scientist) 
However the weight of evidence is that there was considerable ill-feeling 
as a result of the grant. Little appeared in the media however. One 
article in the Nation Review commented that "the academic community is 
6 
festooned with sour grapes over the affair", but gave no supporting 
evidence. Similarly, another, in the Daily Mirror, commented that 
"So far not a word of protest has been publicly heard against 
the grant ... But there have been suggestion of jealous 
mutterings from other institutions which have also been 
studying solar energy for years''.^ 
Little direct comment by scientists on the grant appeared in the 
press. An exception was a small note in The Australian which quoted 
two scientists (only one, a solar energy researcher) making very mildly 
8 
phrased criticisms of the grant. 
One of the solar energy researchers who was most critical of the 
grants explained this virtual silence as follows 
"I've heard plenty of comment. There was not much in the 
press because it's distasteful. Scientists don't like 
washing their dirty linen in public", (university scientist) 
^ D. Ellyard (1977) "Blocking Out the Sun", Nation Review, 28 April-
4 May. 
^ D. Ringrose (1977) "Wran Gives Solar Energy a Boost", Daily Mirror, 
April 6. 
The Australian, "Scientists Criticise Solar Project", April 15, 1976. 
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while another commented 
"As far as our public statements are concerned we go to 
great lengths to say that there is no oompetition and no 
jealousy and that our work is complementary. We deliberately 
put a good word in for the [ ] group wherever we have 
the opportunity and I'm sure they do it for us". 
(university engineer) 
Criticism of public relation activities was by no means confined 
to the solar energy researchers in New South Wales, however; those in 
other states were also very critical. This widespread criticism existed 
despite the fact that most of the solar energy researchers clearly 
indicated that they considered the funding situation to have encouraged 
9,10 
the undertaking of public relations activity. 
Thirty-two of the solar energy researchers were explicitly critical 
of the public relations activities of solar energy researchers. 
These 32 were composed of 12 university scientists (60% of university 
scientists), 11 university engineers (90%), 3 CSIRO scientists 
(75%) and 5 CSIRO engineers (75%). In terms of time in solar 
energy research, 11 were pre-1970 entrants (77%) and 21 were 
entrants since that time (70%). An addition of one to, or sub-
traction of one from,almost every category, would make the 
percentages virtually equivalent, hence it is not considered that 
any clear relationship between "p.r. opinion" and these variables, 
exists. 
Forty-two of the 44 solar energy researchers said that they were 
aware of an increase in public relations activity, 35 of whom 
cited the funding situation as the stimulant for such activity. 
(Of the other 8, 7 were those who were either non-commital on the 
matter of funding or considered funding adequate; see Chapter 8, 
p.262). Of the 36 solar energy researchers who cited the funding 
situation as the stimulant for public relations activity only 9 
(25%) were not also in the 32 who were explicitly critical of the 
public relations activity. When the interviews began, it was 
7 months since the $lm grant to Sydney University and the Saudi 
Arabian grant had not yet been announced, hence the reactions 
of the other N.S.W. solar energy researchers, who were the 
harshest critics of the grant, were by no means an immediate 
"gut" reaction. Twenty-three of the 44 interviews had in fact 
been completed (including all those in Sydney) before the Saudi 
Arabian grant was announced. 
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Firstly, 24 of the solar energy researchers expressed the view that 
the public relations approach to funding was meaning that funds were not 
necessarily going to the "best" projects, that "good" public relations 
was dominating over "good" research. 
"The trouble is that the popularity of it is not necessarily 
because it is the right project, but because you have a 
powerful man, one well spoken, eloquent p.r. guy who can 
put the message over". (CSIRO engineer) 
Twenty-one of these solar energy researchers referred to the public 
relations activity of one individual who had been particularly successful 
in this regard. 
"Who says that the people who have got large funding are the 
best people to have that funding. It's very dependent on 
the person doing it. [ ] is an entrepreneur, he's very 
good at it and he's got the money. We have not got an 
entrepreneur. If we had [ ] we might have had the money. 
It's got nothing to do with solar energy, nothing to do 
with value - how good a particular group is in relation 
to another group - all it is, is public relations and 
entrepreneurship". (university scientist) 
"You've got a very good front man in [ ]. He's in the 
business of running around drumming up trade and he's 
leaving it to the people who know what they're doing to 
do the work ... He is absolutely excellent at this; 
I wouldn't give him a brass razoo myself". 
(CSIRO engineer) 
"He's got a funny attitude about him, an attitude that is 
respected by businessmen. He does all the kinds of things 
that make academics uneasy and wince but that businessmen 
like. I think he's very successful at it [public relations]". 
(university engineer) 
These comments referred to the practice of public relations in the 
sense that it was being condemned as a practice, the specific instances 
merely being illustrations of the faults in the generic activity, 
public relations. As well as these criticisms, however, 24 of the 
solar energy researchers referred to the exaggeration that they con-
sidered had been involved in the specific acts of public relations. 
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"There certainly has been more attempts to get recognition 
for one's work but from a scientific point of view this has 
led to a lot of misleading, quite incorrect statements". 
(university scientist) 
A number of them were particularly critical of the widespread claims 
that "breakthroughs" had been m a d e / ^ 
"We've got various people in Australia, at various 
universities ... running around making a loud noise. I 
classify [ ] slightly in this thing with his break-
through. Breakthrough! I feel like hitting him over 
the head with an Owens-Illinois collector and saying 
'You've missed the boat man III 
"They got the money through lies, blatant lies. They 
said that they'd come up with a new process, but this 
was a blatant lie; the process had been developed years 
ago in the U.S. and is on the market", (university scientist) 
"There was an article on the front page of the newspaper 
one day with information splashed across it from the group 
here and when we were looking at a joint project with them, 
we needed to know the peformance figures of their collector 
system. They didn't have them - yet that collector was 
front page headlines as a breakthrough - it hasn't been 
tested. In this case, it was the overenthusiasm, of people 
trying to gain publicity and therefore gain unusual, one 
off the top, funding". (university engineer) 
The clear inference was that such activity was beyond the limits of the 
"normal" embellishment that goes into proposals for funding in any 
field of research, that is, the presenting on the proposal in the best 
12 
light. 
The results of the solar energy research of one group was described 
by a scientist involved in raising funds for that project as 
"probably the most important scientific breakthrough in this 
nation's history". T/ze Age, April 5, 1977. 
See also the previous discussion of "breakthroughs", Chapter 6 , p.213 
^^ Nine of the solar energy researchers argued that the getting of 
funds depends to a significant extent on the presentation of the 
request for funding, that funders have certain preferences and 
that applicants must be cognisant of such preferences if they 
wish to couch a request in a manner that will be favourably 
received, that it is necessary to , . . 
"try to word research proposals to emphasise things that 
are acceptable and play down the things that are not 
acceptable", (university scientist) 
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Twelve of the solar energy researchers who referred to "exaggera-
tion" also argued that this might result in those researchers being 
unable to fulfil the expectations that their public relations activity 
aroused, and that as a result all solar energy researchers might suffer. 
"You've got to be awfully careful as to what you promise. 
If you promise something and can't deliver you're bound to 
degrade not only your own reputation but also those of 
other people in the same field". (university engineer) 
"The whole thing could rebound. You use an entrepreneur to 
secure your funds, but then you've got a certain time to 
produce something and if you don't produce something, the 
whole thing could rebound and be put up as a reason for not 
funding - 'So and so had so much funds and they did nothing 
with it'". (university scientist) 
"Solar energy has been built up to be the answer to all the 
problems. Sometimes I think if you're in an oversell 
situation as some people are, and you don't deliver the 
goods, it just makes life harder for all of us; we then 
have more difficulty getting our message across. If you 
oversell and get discredited, we're all tarred with the 
same brush ... This [oversell] is bad because eventually 
the public or politicians are going to ask for some 
accounting, some results for the funding". 
(CSIRO engineer) 
These solar energy researchers were in effect arguing that solar energy 
researchers should act in a custodial fashion towards solar energy 
research, that is, not "pollute" the field for other researchers. It 
is a rationale presented to justify a conservative approach to public 
relations. However it is not clear that even if the claims in question 
are not fulfilled, that there will be any major long-term effect on 
solar energy research, if experience in other fields make a valid 
comparison. Exaggeration and premature announcements of "breakthroughs" 
are by no means restricted to solar energy research. They have an 
"honourable" history - having occurred in fusion research (in the 1950's 
the British claimed to have solved the fusion problem), in nuclear power 
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development (cheap and efficient reactors) and in cancer r e s e a r c h / ^ 
The point on which solar energy research is however more vulnerable than 
these examples is that if it does not show its utility as a technology, 
there is little intrinsically interesting science (as discussed in 
Chapter 5) to maintain funding inflow from the sources of the funding of 
such work (for example, ARGC). 
Six solar energy researchers (only one of whom was the subject of 
criticism viz public relations) were aware that such exaggerations 
occurred, but were less "indignant" than the other solar energy 
researchers, arguing that exaggeration was to some extent inevitable, 
even excusable, when groups were seeking financial support. 
"The scientist today in solar energy has to be an entre-
preneur, he has to get out and maybe even tell a few lies 
about what he is doing and how exciting it is and that 
'we've made a breakthrough'; that was the common thing 
last year - everyone was making a breakthrough; a break-
through was being announced about every week. Tfiat was, 
if not a lie, a oloaking of the fact to a certain extent. 
You have to do that or you don't get any money - then you 
fold up. So each group has to have someone who can 
actually go out and get the money by talking to the media, 
talking to the people - telling them how exciting the 
research is and that with another $50,000 'we'd be able 
to solve this problem". (university engineer) 
"There's been an all out attempt to get funds by us, the 
scientist and I don't think it's too much to say we might 
have strained a ligament or two- in the truth market when 
something that would have got 5 kilowatts we might have 
said would have got 7 kilowatts. We might have stretched 
the truth to its ultimate in trying to get money". 
(university scientist) 
"By careful public relations, the impression can be created 
that we are onto something hot ... The fact that many of us 
think that viruses are the cause of cancer can be construed 
that an effective vaccine is just round the corner ... But 
this is awful hogwash ... We are told that immunological 
tricks are almost worked out ... but more in the hope that 
if we say immunoloay often enough, cancer cells will Just 
give up and die." Dr. J. Watson, quoted in J. Sadler (1975b) 
op. ait. , pp.149-50. 
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The "exaggeration" that occurs i s in fact a reasonably complex 
phenomenon. F i r s t l y , other so lar energy researchers wi l l see some 
"exaggeration" that others, in part icu lar the so lar energy researchers 
whose work i s being reported, may not see as exaggeration. This i s 
one component. Secondly, there i s no doubt real exaggeration by some 
solar energy researchers, which i s l i k e l y to be a mixture of overenthu-
siasm and calculated strategy. As noted previously some exaggeration 
i s accepted as to be expected, but i t i s l i ke l y that less tolerance i s 
shown when the s i tuat ion i s such that other parties feel genuinely 
agrieved. 
Th i rd ly , the role of the media in exaggeration should not be 
forgotten. Eleven of the solar energy researchers commented on the 
role that they saw the media playing with respect to exaggeration and 
overse l l . Previously i t was noted how the newsworthiness of solar 
energy research meant that i t was not too d i f f i c u l t to get publ ic i ty 
i f one so wished. These 11 so lar energy researchers in a sense 
qual i f ied th i s by arguing that the reporting was in many cases 
inaccurate and whi l s t not doubting that some solar energy researchers 
did exaggerate thei r claims, made the point that the media were by no 
means passive channels. 
Cr i t ic i sms were made of the media's predisposit ion with the 
sensat ional, of the i r tendency to either ignore the "mundane" or to 
sensat ional i se i t , and of the qual ity of the science reporting. 
14 
Even when the intention of the a r t i c le i s to support solar energy 
research, the way i t i s presented may cause a reaction in the solar 
energy community. For example, one such a r t i c l e , which referred 
to a group as "winning the solar stakes" , led to that group 
publ ishing a let ter in qua l i f i cat ion so as to "pacify" other 
groups. As well as because of the "kudos" implications of the 
reference, in the funding context of that time, groups would be 
expected to be par t i cu la r l y sens i t ive to such reports. 
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"The quality of reporting is absolutely pitiful. We make 
press releases in order to make certain facts are right; 
if you get them to pick it up it gets as distorted as 
anything. We gave out two press releases about a year 
ago. One was to announce a research grant by the [ ] 
company for physical science research applied to dental 
problems. It was marvellous; it was one of those windfalls 
which really elated us. They didn't publish it. Four 
months later we were asked for a comment on the lack of 
funding for both Canberra and Sydney. We again made a 
press release. Veil, what did The Australian do - they 
combined those two and printed it as 'Solar energy 
researchers forced to do toothpaste research'. That's 
the sort of quality - it doesn^t convey anything at all -
it'a a national paper. Protests were of no avail. They 
refused to apologise, they refused to withdraw it, they'd 
sold their story and I've refused to talk to them since; 
that's just gutter journalism". (university scientst) 
"The media came here, talked to [ ] and what they wrote 
up was absolutely terrible as far as the facts were 
concerned. They didn't have anything right. They wrote 
it up as breakthroughs and got the ideas mixed up, 
purposely or otherwise. The major things they said 
were completely wrong - 100%". (university scientist) 
It is clear from the criticisms of public relations made by the 
solar energy researchers that there was a certain degree of contradic-
tion in their criticisms in the sense that they appeared not to be 
clear whether they were objecting centrally to public relations in 
general or whether it was the exaggerated acts that they saw as "the 
problem". However, this "contradictory" state is not surprising given 
what has been said in previous chapters about solar energy research 
and the solar energy researchers. Firstly, solar energy research is 
increasingly involving scientists whose previous interests have not 
in most cases brought them into a situation where such public relations 
activity was likely. They are more familiar with the system of 
scientific grants such as that based around the ARGC. For many of 
them, in the words of one solar energy researcher, public relations 
"is not how science is done". They have found themselves in this sense 
in a foreign situation. Secondly, the catalytic role in the gaining 
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of the large funding through public relations seems to have been played 
by a scientist who operates outside the normally accepted scientific 
way of doing things. His deviant status is recognised within the 
scientific community 
"It's just a matter of such common knowledge amongst 
scientists how [ ] operates and has done so for years". 
(CSIRO scientist) 
"Everybody knows what [ ] is". (university scientist) 
"He's always been a big spender and a big attractor of 
money in order to meet that expenditure". 
(university engineer) 
Cognitive dissonance in this role seems to be minimised because of the 
orientation of the maverick to a different reference group. Contextual 
15 
orientation has been noted,for example, by Hill, that is, where the 
key normative influences vary with institution of employment. However 
in such a case the scientist involved is a member of a large subset of 
scientists, for example, all those employed in industrial 1aboratories. 
The maverick in the sense being referred to in this chapter, is one 
whose reference group is extra-scientific. 
One solar energy researcher commented in this regard, 
"Such activity is likely to lead other scientists to 
discount even good work being done by that individual 
or those under his control; but then they are not 
perhaps looking for peer judgement ... the Darling 
Point status is more important ... Especially if one 
is a professor, scientific work doesn't produce much 
difference in peer recognition as one is already a 
professor, the opportunities for more satisfaction 
may arise with recognition outside the university". 
(university scientist) 
It is significant also that the criticism have effectively been 
kept within the confines of the scientific community, that is, very 
15 
See Chapter 3, p.66. 
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little public comment on the matter, was made. This is bound up 
very closely with the matter of social control in science, one mani-
festion of which is boundary maintenance with respect to professional 
disputes. Hence even where scientists feel agrieved there is a 
16 
tendency to keep explicit criticism away from the public forum. The 
argument at the base of this is that the "transgressor" has generated 
a situation in which peer assessment has been circumvented; peer 
assessment which is seen as allowing resolution of technical disputes. 17 
However, this "peer assessment", as already noted, may be largely 
illusory in the case of solar energy research, because, given the 
diversity of the field, the "peer" that is doing the evaluating may 
be doing quite different solar energy research. For example, the 
researcher wishing to develop centralised large-scale electricity 
generation using solar energy technologies may have his work evaluated 
by a solar energy researcher committed to development of decentralised 
use of flat-plate collectors. The diversity in the field is such that 
resolution of technical differences is by no means easily attained. 
Nonetheless those who overtly undertake public relations activity are 
avoiding professional assessment in some sense, in particular, they 
are circumventing the authority structure of science by going to 
extra-scientific channels for support. Thus one would expect overt 
public relations activity to be seen as "against the norm"; somewhat 
deviant; this in fact meaning that the authority structure within 
science is threatened, because taken to an extreme, it denies the 
16 
See Chapter 6, pp.222-3. 
^^ See Chapter 6, pp.203-4, 214 and Chapter 8, pp.272-3. 
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validity of "scientific" assessment, that is the validity of selected 
scientists' evaluations of the worth of particular projects. 
Conclusion: 
The situation in solar energy research could hardly have been more 
calculated to bring to the surface such matters, had it been constructed 
with this intent. It is a diverse field, hence, cognitive agreement on 
priorities is difficult- Much of the research is in fact centred 
around solar energy utilisation - the development of solar energy 
technologies - and funding for such work was short and not expected to 
greatly increase. Public interest made it possible to get publicity 
and public support, which could be translated into both growing 
awareness of the research by potential funding sources, both in 
Australia and overseas, as well as making the funding of solar energy 
research a publicly popular course for politicians to take. At least 
one or two scientists involved in some way with solar energy research, 
had reputations amongst the scientific community as "good p.r. men" 
and it was unlikely that in these conditions that they would not bring 
to bear these skills as they had done previously with other fields of 
research in which they had been involved. 
Public relations activity was a predictable outcome, but at the 
same time it could not help but compound the difficulties and conflicts 
discussed in Chapter 6. Certainly, it meant more funding for solar 
energy research, but only for a select few, hence for the majority of 
the solar energy researchers it simply confirmed the belief in the ad 
hoc and arbitrary nature of funding in solar energy research. The size 
of the grants to the Sydney University group meant that even those who 
considered that research to be good research (although by no means a 
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breakthrough) were critical, given the funding available to other 
"good" solar energy research projects. Establishment of a grants 
system specifically for energy research (1978) meant that some of the 
pressure was taken off the solar energy researchers in regard to 
funding. Also, public relations activity would be unlikely in future 
to generate as much reaction as the initial successful instances 
(Sydney University). As a consequence the study of reactions to the 
public relations of 1976-8 presented a rather unqiue opportunity to 
investigate the underlying assumptions about "the way research should 
be done", because in a critical situation, such assumptions are more 
likely to come to the fore, in particular in the explanations of the 
rationality of objections to public relations activity. 
CHAPTER 10 
CONCLUSION 
This thes i s began with two as ser t ions . F i r s t l y , that there was 
a place within the sociology of science for a more exp l i c i t attending to 
the re lat ionsh ip between science and the political/economic realm; such 
an approach being an important complement to the ex i s t ing emphasis on 
"cogn i t i ve " and "community of science" approaches. Secondly, that on 
th i s bas is i t should be poss ible to produce studies of spec i f ic sc ien-
t i f i c a c t i v i t y which could incorporate these approaches in a par t icu lar ly 
f r u i t f u l h o l i s t i c manner. 
The re la t ionsh ip between science and the political/economic realm 
has two basic dimensions, the effect of political/economic factors on 
science and the effect of science on the political/economic realm. In 
respect to the l a t t e r , modern science i s , in a sense, a practice which 
i s " fated" to be of political/economic s ign i f i cance. At i t s very core 
i t i s an epistemology which i s instrumental ist in that i t posits as 
onto log ica l l y poss ib le , an intercess ion in the material world. I t s 
usefulness i s thus an ever present p o s s i b i l i t y . I t s promise of " u t i l i t y " 
has been a central factor in i t s support although h i s t o r i c a l l y th i s 
promise took several centuries to reach fu l l rea l i s a t i on ; for a long 
time i t lagged behind technology, unti l i t could not only explain the 
s c i e n t i f i c bas is of ex i s t ing technologies, but became generative in 
terms of technologies as well as theoret ica l ly . On the basis of the 
growing demonstration of u t i l i t y , the support for science became firmly 
incorporated as a political/economic ac t i v i t y . This u t i l i t y does not 
however mean that a l l science i s in any sense immediately " u se fu l " , 
rather that a l l science i s part of a species of knowledge that pos its 
the p o s s i b i l i t y of u t i l i t y , a u t i l i t y that some science manifests. 
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Nor does it mean that support for all science is solely based on expec-
tation of its utility, but the utility that science has provided, has 
been instrumental in establishing it as the central knowledge system of 
modern society which has given it a validity above considerations of 
immediate utility. Nonetheless, the success of science has been such 
that most research is funded in expectation of some utility (of varying 
degrees of specificity) resulting. Both in terms of the level of funding 
of science and of the application of the results of scientific research, 
science has become established as a central political/economic activity. 
Associated with this has been the development of the integrative and 
regulatory role of the state because of specific limitations in the 
approach to scientific research of the private sector. Attention to 
studies of pure science activity neglects recognition of the significance 
of the ontological possibilities inherent in science and also the extent 
to which science has become an important economic activity. 
The other side of the relationship between science and the 
political/economic realm is the effect of political and economic factors 
on science. In this regard the notion of levels of effect is particularly 
useful as it allows the generic term "science" to be dismantled so that 
the concept of "effect" can be reconstructed. Through use of this 
approach attention has been drawn to the effect that political/economic 
factors have on the rate of scientific development, given that even 
research which is very fundamental in nature may rely on technological 
hardware (such as a particle accelerator) and that without the resources 
being available for such hardware, it is quite possible that discoveries 
that would otherwise have been made, would not, yet at least, be made. 
At this level it is not argued that what is discovered is affected, simply 
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that the timing of discovery can be affected. Also, the political/ 
economic realm can influence the fields of science in which effort is 
placed. That is, science is a vocation, scientists need to be employed, 
and, as the example of solar energy research in Australia illustrates, 
the job market can turn a nuclear physicist into a solar energy 
researcher. The effect on the development of technologies may be 
analysed in terms of both the ipvohlem of time and the problem of form. 
That is, pol itical/economic factors can influence both when a technology 
is developed and the form in which it develops. The concept of tech-
nology in abeyance refers to the fact that technologies may exist for 
some time "in potential", that is, the knowledge exists for their 
development but they are not developed due to "irrelevance"; that some 
forms of a technology may not be developed, and that some developed 
technologies may be suppressed. The last of these three levels of 
abeyance, suppression, refers to an effect, not to an act, that is, it 
need not be a conscious matter although it may well be (for example, 
as in the case of the development of radio and of fluorescent lighting). 
Form involves social relations, but the social relations aspect of 
technologies does not simply reflect relations of production, due in 
particular to the significance of technologies as commodities. 
Effects on the cognitive levels of science are more difficult to 
discern, but it seems clear that unless one assumes that the body of 
scientific knowledge is finite, that development of theoretical explana-
tions of particular phenomena will depend greatly on whether attention 
is focused on those phenomena. One way such attention may be drawn is 
if for political/economic reasons, scientists are employed to investigate 
an associated problem. Thus political/economic factors may be said to 
be able to influence the objects of which theory develops. Also, given 
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that there is no clear cognitive basis for the development of new fields 
as discrete theoretical fields, political/economic factors are likely 
to be important given that access to resources seems to be at least one 
basis on which discrete fields have been established. 
Reduction of scientific knowledge to a product of the determina-
tion of the political/economic realm is rejected, however it is possible 
that concepts from the political/economic realm may play a positive role 
in scientific practice. Thinking about theoretical matters is likely to 
involve, sub-consciously at least, a "scanning" of concepts from mixed 
sources, including the general social milieu. Some may prove useful in 
seeing patterns in data. 
Collectively the discussion of the significance of political/ 
economic factors on scientific activity and of science as a political/ 
economic activity, supports the assertion that there are grounds for 
greater significance to be attached within the sociology of science, 
to political/economic factors; that is, it is an important direction 
for further research. 
The second assertion was that on this basis it should be possible 
to produce a study incorporating a more overtly political/economic "gaze" 
with the insights of existing "community of science" and "cognitive" 
approaches, a review of which was presented in Chapter 3. The thesis 
then moved to such a study; specifically a study of solar energy research 
in Australia. Solar energy research had the advantage of being acces-
sible, a relatively small field (hence a good coverage of the field 
should be possible), new (hence the possibility of studying growth 
problems if such existed), and the suggestion of funding problems made 
it different from most studies of research fields. 
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The key questions were basically of two types: 
(i) What is solar energy research, that is, what universe of activity 
is described by this term? How is one to characterise solar energy 
research as a research field amongst the universe of research fields? 
(ii) What is the history of solar energy research in Australia, that 
is, in what sense can we speak of progress of the field from some 
origin and what have been the central factors in its development? 
The first research that was consciously "solar energy research" 
began in the early 1950s as a response to problems in marginal geographic 
areas in particular, involving especially water heating and desalination. 
(Retrospectively, given what is labelled solar energy research today, 
another origin might be identified however; the power-alcohol research 
of the 1910's and 1920's). The focus was very much on pragmatic 
engineering problems. This activity continued into the 1950's and 
expanded into a wider range of concerns, in particular, various forms 
of heating and cooling, but there was little reaction to the developing 
technologies and they remained largely unutilised; in effect, in 
abeyance. There was no extra allocation of grace for their utilising 
a renewable resource and solar energy research went into a considerable 
decline, 
The 1970's brought a resurgence of interest in solar energy 
research; it became energy research. As well as this, the nature of 
solar energy research changed in some very important ways. Firstly, 
there was "scientification" of the technology, a sort of "internal 
cognitive expansion" whereby the scientific basis of solar energy 
technologies came much more under investigation. At the same time, 
an "external cognitive expansion" occurred as an increasing range of 
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specialties came to be represented amongst the ranks of solar energy 
researchers. In particular, many more scientists became involved in a 
field which had previously been dominated by engineers. Most became 
involved, not by changing their field of research but by relabelling 
their research as solar energy research. That is, as well as the 
research being, for example, photo-electric research, many researchers 
also could now describe it as solar energy research. Others became 
attached to solar energy research through a realisation that their 
research had solar energy research implications, implications for the 
utilisation of solar energy and gave some additional attention to this 
aspect of their work. Thus there exists amongst the ranks of the solar 
energy researchers many whom I have labelled "non-central" solar energy 
researchers, that is, researchers who do not define themselves centrally 
as solar energy researchers but rather acknowledge the solar energy 
research implications of their research. Most of the "growth" of solar 
energy research is in fact due to this relabelling effect. 
Another significant aspect of the growth - and this applied to 
pre-1970 as well as post-1970 entrants - is that several became involved 
in solar energy research because they were offered positions in which 
solar energy research was the work to be done. That is, the desire to 
have a job was prior to the desire to do solar energy research. This 
aspect is important as it illustrates how political/economic pressures 
such as reduced employment opportunities, can determine the sort of 
research that scientists actually do. The job aspect of doing science 
should not be ignored. 
Solar energy research is fundamentally research aimed at solav 
energy utilisation, that is, almost all of it is aimed to be a contri-
bution to the development of technology in some sense. Even the more 
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esoteric researchers adopt the solar energy research label because of 
suspected possible relevance to such a project. Theoretical advance-
ments have been made through attention to problems in solar energy 
research, but the field is not centrally defined by concern with any 
specific theoretical issues. Similarly solar energy research has 
advanced by utilising certain theoretical and technological advances 
(developments since the 1950's) but these advances have not designated 
solar energy research as a site of particular importance. That is, 
it is important to distinguish between a field being able to use certain 
developments and its being uniquely able to do so. In the case of 
solar energy research therefore, we are dealing largely with develop-
ments at the non-cognitive levels of effect. Some fundamental research 
is involved, but it is the scientists who noted this, rather than the 
engineers. This is not surprising given that scientists can be expected 
to be both more likely to be involved in some fundamental research and 
concerned that some fundamental research be involved. (That is, some 
"science" needs to be involved for them to rationalise their involvement; 
they could not accept that all it was, was engineering). 
The increasing range of specialties represented amongst solar 
energy researchers has meant that there is great cognitive diversity 
and difficulty therefore in establishing clear agreement on priorities. 
As a field it is more accurately described as a "research orientation", 
rather than as a specialty. A wide range of disparate research is 
lumped together as solar energy research, hence the lack of agreement 
on priority questions and other matters is not to be unexpected. 
(There is no "solar energy theory"). 
1 
By "research orientation" is meant that general phenomenon, 
scientific or non-scientific, that may be incorporated into 
scientific activity as a focus for the research activity of 
various specialties. 
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Given the low level of cognitive institutionalisation, much of 
the unity of the field relies on social institutionalisation. Solar 
energy research has a journal, although many solar energy researchers 
prefer to publish in specialty journals for various reasons - the "non-
esoteric" nature of the journal {Solav Energy), the time delay involved, 
its suspect "respectability" and the fact that many of the solar energy 
researchers see peers within their specialty as their primary audience 
(rather than other solar energy researchers, most of whom will be doing 
quite different work). Criticism of the lack of co-operation, however, 
indicated that there was awareness of a "solar energy research community" 
Some of the criticisms in this regard were about secretiveness, however, 
as some solar energy researchers noted, where funding was needed, if 
private sources were to be attracted, patents were almost always 
necessary, therefore a certain amount of secrecy was needed to ensure 
a group's survival. 
The disjuncture between the level of cognitive institutionalisa-
tion (very low) and of social institutionalisation (medium) increases the 
likelihood of conflicts, because there are expectations of commonality 
that simply cannot be realised. Such conflict did occur; there were 
accusations of certain research or researchers being "unrealistic", "too 
narrow", "repetitious" and "bandwagonning". The latter in particular 
was a strongly held view of established solar energy researchers. In 
particular, such criticisms revolved around three axes; scientist-
engineer, CSIRO-university, and old solar energy researcher-new solar 
energy researcher, which illustrated the importance of profession, 
institutional context and time in the field ("old solar energy 
researchers seem to have developed a rather proprietory attachment to 
the field) as well as the already noted cognitive diversity, in disputes 
within solar energy research. 
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Given the cognitive diversity it was difficult to pinpoint a clear 
solar energy research elite, although two individuals were widely noted 
as the "key men". It is not surprising, given the cognitive diversity 
that the basis of their designation was not because of a research 
contribution, but because of their organisational position, in particular, 
what was seen as their influence at the level of policy-making with 
respect to solar energy research. 
The solar energy researchers were conscious of three particular 
images. The first and most often noted was that of solar energy research 
as a field that was "too applied". That is, several solar energy 
researchers found themselves in the position of having to defend their 
decision to work in solar energy research either on a professional basis 
or in terms of what was appropriate to the institutional context. As 
a field of research it is considered by many to be mundane science 
involving inelegant technology. The second image was that of solar 
energy research as a field which attracted opportunists, men who would 
take advantage of the public popularity of the field in order to obtain 
both funding and publicity, thus avoiding peer review. The public 
relations activity of some solar energy researchers was seen as 
perpetuating this image. The third image was that of its being a crank 
field or at least, a field that was not yet bona fide. Association of 
solar energy research with conservationists and alternative life styles 
was seen as detracting from its professional status. Several solar 
energy researchers noted these images as reasons why it was best not 
to be too closely associated with solar energy research; to contribute 
but not to become labelled a "solar-energy man". The image of "crank" 
in particular,is important given the significance within science of 
separating scientific from lay discourse. The fact that solar energy 
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research is "popular", lacking the professional mystique of many other 
fields and a field in which many lay people presume to know about the 
field,detract from its professional status. Also the social contact 
with lay people was commented on by several solar energy researchers in 
such a way that it was clear that having to mix with non-professionals -
a mixing that was almost forced on one, if one became involved in solar 
energy research - was something which also detracted from the professional 
status of solar energy research. 
From a discussion of solar energy research as a specific field 
within "the realm of science", attention turned to the speaific political/ 
economic context in which solar energy research in Australia took place. 
That is, what were the implications for the solar energy research of 
being in Australia specifically, rather than for example, in the United 
States or the United Kingdom. It has been shown that expenditure on 
research and development in Australia is low and falling; that the 
government plays a major role both as performer of research and provider 
of funds and that developmental research in particular receives relatively 
little funding. Attempts to encourage experimental development have 
been of only limited success. CSIRO has resisted attempts to become 
much more involved in developmental work, seeing the task more in terms 
"pr-i^oXe. Sector 
of encouraging the private sector to undertake such research. AuotiirTaTian 
companies however, while doing most of the developmental work that is 
done, do not do a great deal and most of what they do is adaptive, 
short-term and incremental. A key reason for this is the dominance of 
foreign controlled firms in Australian manufacturing, however it is 
likely that attempting to alter this situation through decreasing tariffs 
(and hence reducing the incentive for such companies to manufacture 
here) would in the short term at least reduce the amount of research 
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and development undertaken. Already existing heavy reliance on importing 
of technology would continue and possibly even increase. Where develop-
mental work is undertaken, there is rarely support at the manufacturing 
stage. Hence Australia is in a twin-pronged dependence situation, both 
increasingly becoming reliant on importing overseas technology and also 
unable to take advantage of the little developmental work that is done here 
This general situation has been reflected in the stage of solar 
energy research funding. There was general dissatisfaction amongst the 
solar energy researchers in this regard. Existing channels (in 1977) 
were not considered appropriate to the funding of developmental work and 
it was such work that was at the core of most solar energy research. As 
a field that is basically orientated to the development of technology, 
it has little intrinsically distinctive science on which basis the field 
could continue in absence of support for development. Nor did existing 
policy give the solar energy researchers much cause to expect an 
improvement in the situation. They were critical both of the lack of 
developmental funding and of the policy-making bodies, in particular with 
regard to the dominance of representatives of established technologies. 
The significance of the scientific establishment in Australia 
needs to be particularly noted in this regard because of the absence of 
a substantial alternative research sector in Australia. That is, whereas 
in the United States or the United Kingdom, lack of "scientific merit" 
need not prejudice a project's chance of support because private channels 
of funding exist for research deemed "useful", in Australia, the govern-
ment is the one dominant source of funds. Hence, funding for research 
does rely heavily on the support that can be mustered amongst scientist-
advisers. Solar energy research was not considered to be particularly 
meritorious science, nor was it receiving much support as a technology of 
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major importance, therefore groups began to look further afield for 
finance. Public relations activity in particular greatly increased and 
with a few notable successes. This activity arose as a result of the 
desire for increased funding plus a conducive climate, in particular, 
the existence of public interest in the field, of interest overseas in 
solar energy research and the "availability" of scientists" interested 
in undertaking such activity. Despite being aware of the encouragement 
the funding situation gave such research, most solar energy researchers 
were extremely critical of public relations, although there was some 
disagreement as to whether "p.r." itself was undesirable, or whether 
their objections were to the way it was done (in particular, the 
exaggeration which many considered has been involved in such activity). 
Part of the problem v/as that many scientists and engineers now 
found themselves in a field where public relations may in fact be 
successful in terms of gaining increased funding and it was a situation 
in which many of them were relatively new. Those more experienced and 
less institutionally constrained (the CSIRO researchers being much less 
free in this regard than university researchers), were able to take 
advantage of the situation. As well as this, public relations activity 
removes evaluation of scientific merit from the realm of fellow 
researchers to some site considered to be less able to evaluate merit. 
This "peer" argument is difficult to adhere to completely in the 
Australian situation however, as one of the criticisms that can be made 
of so-called solar energy research peers is that given the diversity of 
the field, such peers are not peers at all; one solar energy researcher 
may be a specialist in flat-plate collectors, the other in electro-
chemical processes. Nonetheless, public relations does imply some 
degree of rejection of scientific authority. It is interesting in this 
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regard that while the scientists generally agreed that evaluation of 
science by scientists was highly desirable and also that scientific 
advances were often made by "rebels", the critics of public relations 
would cast the "deviants" in the role of transgressors of the former 
principle, while the "deviants" would refer to the latter, to the need 
for science not to always follow the line advocated by established 
scientists. In 1978 the funding situation eased as all energy research 
was deemed to be of priority and solar energy research shared in the 
increased funding made available specifically for developmental work. 
However, the possibility remains that solar energy research is nonethe-
less of artifact status in that the problem may simply have been displaced 
from the stage of development to that of manufacture. 
As a contribution to the sociology of science, the main strength 
of this thesis is in the way it has illustrated that incorporation of 
a more explicit political/economic perspective can be utilised, while 
attending also to the cognitive and community of science aspects; 
collectively the result being a particularly useful holistic study. As 
well as this, however, some other aspects of the study are of particular 
value for the sociology of science. Solar energy research is a small 
and relatively new field and it therefore has produced an interesting 
study of ways in which a field can grow, that is, through scientification 
of the technological aspect and through expansion of the parameters of 
what can be labelled, in this case, solar energy research. Also as a 
growing field, it drew attention to the somewhat proprietory attachment 
that longer established researchers seem to have to "their" field. As 
an Australian study it draws attention to the importance of context; 
and in oarticular the significance of international economic relations 
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for fields that have a technological aspect. In respect to its dependence 
on imported technology, Australia has much in common with under-developed, 
rather than developed economies. 
The changing cognitive boundaries of the field has drawn attention 
to a particular difficulty in constructing the history of a research 
field and that is, that one has in a sense, two histories. The first is 
a history based on the changing definiton of what has been considered 
to be solar energy research over time, that is, a working from the past 
to the present. The second is a history based on a reconstruction of 
the genesis of what is now considered to be solar energy research, that 
is, a working from the present to the past. Sociologists of science 
need to be conscious that these two approaches can result in two 
differing histories (although there is nothing contradictory in this 
regard). 
Attention has been drawn to the possibility of scientists adopting 
multiple labels for their activity and to use or not use specific labels 
according to the implications of doing so (for example, the desire that 
some expressed not to be too closely defined as a solar energy research 
man). One result of this labelling is that it makes it difficult to 
define a precise population, hence difficulties encountered by sociolo-
gists in this regard need not be "errors". 
The notion of peer has been important in this study, in particular 
with respect to the stated desirability of peer assessment in order to 
authorise the status as scientific knowledge of some particular work. 
However, as this study has shown, it is by no means clear exactly who 
is to qualify as one's peer in regard to some specific work because 
rather disparate research may be lumped together under one label (and 
hence one's "peer" may be not competent to judge the work). 
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Finally, some concepts have been generated in the course of this 
study; levels of effect, technology in abeyance, the problems of form 
and time and research orientation. They have proved useful in this 
study and may do so in others. 
This possible relevance to other studies raises an important 
matter and that is, what specific suggestions for further research come 
out of this particular thesis. There are several and they are listed 
below. 
(i) In this study of solar energy research, attention has focused on 
the non-cognitive levels of effect. It would be valuable to determine 
whether this concept of levelsof effect is of value if used over a wider 
range of studies, and in particular, if it could be used to focus 
attention on such influences at the cognitive levels. 
(ii) The concept of technology in abeyance and those of the problems 
of time and form need to be applied in other contexts to see whether 
they are useful in understanding the development of a wider range of 
technologies. Appendix E provides some indication of their utility in 
this regard. 
(iii) The significance of labelling in the designation of who constitutes 
a solar energy researcher suggests that it would be useful to investigate 
the extent to which the growth of various fields is accounted for by 
relabelling of research. As was seen in the case of solar energy 
research, much of the growth seemed to come from scientists applying 
the label solar energy research to their work without the nature of 
their work changing significantly. 
(iv) The comments made about the suspect "bona fide" nature of solar 
energy research and in particular, the role of "lay intrusion" in this 
regard, suggests that the relationship between the status of scientific 
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fields and the differentiation of scientific form lay discourse, could 
be both a very interesting and valuable area for further research. 
(v) The "bandwaggon effect" was referred to on several occasions in 
this thesis. It has many possible ramifications which could be investi-
gated. For example, is it an artifact of the proprietory attachment of 
established researchers in a field, that is, is it an accusation that 
occurs over a wide range of fields? Also, is it as some of the solar 
energy researchers suggested, the way science operates, that is, is it 
to the advantage of scientific progress that resources move into a field 
that is designated of importance, albeit for political/economic reasons? 
(vi) It would be interesting to know whether scientists in other 
fields have the same reservations about peer assessment that several 
solar energy researchers had; that is, not an objection to peer assess-
ment as a principle, but a belief that the "peers" that were doing the 
assessing for work in their field were not in fact true peers. 
(vii) It has been suggested that there may be a means-ends disjuncture 
in science to the extent that complexity, both technological and 
theoretical, is seen as an indication of the advancement of science and 
that the perceived simplicity of solar energy technology may result in 
an interpretation of reliance on solar energy technology as retrogressive, 
as somehow indicative of a failure in the progress of science. It would 
in this regard be useful to have detailed information on the reactions 
of a wide range of scientists to solar energy research and solar energy 
technology. 
(viii) The high degree of awareness that solar energy researchers had 
of images with respect to solar energy research, suggests that it would 
be useful to determine how such scientists come to terms with negative 
images. This of course raises also the matter of the extent to which 
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scientists can actually choose specifically what research they are going 
to do; especially in times of limited job opportunities, a free-market 
model of such choice, would seem inappropriate . Although it was not 
indicated by the data collected in this thesis, a comparative study 
(involving non solar energy researchers) may indicate that solar energy 
researchers do in fact differ in some way from other scientists. 
(ix) One of the matters that this thesis has not explicitly dealt with 
is whether there is active opposition to the advancement of solar energy 
research in Australia. While it has been suggested that there will be 
resistance to solar energy technology qua new technology, it has not 
been possible to document that there is active opposition to such 
technology by, for example, industrial interests who are established in 
alternative energy fields. Certainly some of the solar energy researchers 
suspected that this was part of the reason why government support for 
solar energy research was so unsatisfactory. If possible it would be 
valuable to determine just what the attitude of utilities and specific 
industries is to solar energy research and whether their particular 
views are influential at top policy levels. 
(x) Finally, the aftermath of the 1978 developments has not been 
established. It would be valuable to know just what the views of the 
solar energy researchers is now on the matter of policy and funding, 
whether they considered solar energy research to have become more 
respectable as a research field, etc. Also, independent of the solar 
energy researchers views on such matters, it would be valuable to 
determine whether the developmental work is actually likely to result 
in the manufacture of solar energy technology in Australia as the basis 
of a large industry, or whether in fact, the problem has simply been 
displaced from the sphere of development to that of manufacture. That 
is, does solar energy research still have a certain "artifact" status? 
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This last comment in particular, points out that there are policy 
implications also that accrue from this study. The most significant is that, 
although funding of developmental work (which was indicated as desirable 
following the analysis in Chapter 7 and the first half of Chapter 8) has 
since the study in fact been instituted, it is not clear either that, 
(a) the developmental funding is sufficient to provide for necessary 
development, or 
(b) that development is sufficient to result in the returns to such 
research accruing to Australia. In one sense - the kudos - the scientists 
will benefit but then this has rarely been the problem; Australian science 
has a high reputation worldwide. Tlie problem has been, and still may be, 
at the stages of developmental work and of ensuring that the economic 
returns benefit Australia. Thus from a policy point of view, it is 
important that concern not conclude at the stage of satisfying the calls 
for development funding, which although it may make the researchers 
involved considerably more content, may not materially improve Australia's 
2 
position in terms of taking advantage of the results of such activity. 
Thus, this thesis has made a contribution in several respects. It 
has provided a framework for dealing with the matter of political/economic 
influences on science and provided a study of research activity that 
utilises a holistic approach (incorporating political/economic, cognitive 
and community of science approaches) in the process of which, as well as 
producing the study itself, specific concepts have been produced that should 
prove to be more broadly applicable, suggested further areas for research 
and produced implications for policy. As such it can claim to be a 
valuable contribution to the sociology of science. 
This does not mean however that it can be assumed that the development 
and demonstration stages are now completely satisfactory. Within the 
last three months, the Western Australian government has given all . 
three of its available contracts for the construction of demonstration 
plants (for generation of electricity using solar energy technologies) 
to overseas companies; two West German and one Italian. If such 
opoortunities are not given to Australian researchers, then the 
prospects for developing solar energy technology within Australia are 
greatly reduced and perpetuation of reliance on importea technology 
that much more likely. 
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APPENDIX A 
SUPPRESSION OF TECHNOLOGY 
In Chapter 2 it was suggested that the notion of "technology in 
abeyance" may be a useful conceptual tool in the analysis of the social 
basis of the production of technology. One form of technology in abeyance 
was said to be the suppression of developed technology/ The function 
of this appendix is to establish, by providing specific illustrations, 
that such a form of technology in abeyance can occur. In doing so an 
indication will be given of the "rationality" from which such an effect 
may be derived. 
The development of radio provides the initial example. The first 
company that had organised a co-ordinated research effort aimed at pro-
ducing a quality system of radio transmission and reception, the American 
Telephone and Telegraph Company (AT&T) had entered radio research as a 
defensive measure, because of the claims being made about the potential 
of radio which, if true, could have a serious impact on that investment 
2 
in wire communications. At the same time they publicised the limitations 
^ See Chapter 2, pp.37-8. 
^ For details of AT&T's policies and actions in this regard see 
N.R. Danielian (1939) A.T.&T., The Vanguard Press, New York, 
pp.102-7. 
Similarly, the American Tobacco Company acquired a patent for a 
tobacco stemming machine, although development was never intended 
because of their investment in existing procedure, but they did 
not wish to risk the possible outcome of application of the new 
technology by competitors. F.L. Vaughan (1956) The United States 
Patent System: Legal and Economic Conflicts in American Patent 
History, University of Oklahoma Press, Norman, pp.229-34. 
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of radio, in an attempt to suppress any inconvenient enthusiasm for the 
3 
new technology. Their o m interest in radio nonetheless expanded and 
through securing the patents on a few specific inventions: Michael 
Pupin's loading coils, the Cooper-Hewitt mercury-arc repeater and Lee 
De Forest's three element vacuum tube, had secured for themselves a 
central position in the development of both radio and telephone. As 
well as these patents, AT&T held a large number of defensive patents 
which had both a real and a "psychological" effect on potential 
competitors since it meant that any such competition was conscious 
that at any time they might be subject to a patent-infringement suit 
by AT&T.'' 
"[T]he company was fearful that its own success [would] lead 
the public [to] believe that wires were about to be supplemented 
by radio, whereby they might sell their telephone stock 1 So 
credit was given to no-one, save a blanket commendation of its 
own workers and the company began to preach the limitations of 
radio - the words spread all over creation, were not secret, 
were subject to interference, only a limited number of stations 
could operate in a common medium ...". L.S. Reich (1977) 
Research Patents and Struggle to Control Radio: A Study of 
Big Business and the Uses of Industrial Research, Business 
History Review, vol. 51, p.214, footnote 9. 
Publicly, the role of radio was presented by the company as being 
"to reach inaccessible places where wires cannot be strung. 
It will act mainly as an extension of the wire system and a 
feeder to it". J.J. Carty^ (Chief Engineer, AT&T), Electvioal 
^orld, Oct. 9, 1915, p.790, quoted in L.S. Reich (1977) 
op. cit. , p.214. 
"It is a common practice, especially of large companies well-
financed and equipped with technicians and patent lawyers, to 
take out every possible patent in their fields and thus block 
any would-be intruder. If an outsider seeks a patent in this 
domain, he must find out in some instances about hundreds of 
patents on kindered ideas and avoid them. Creative minds may 
be compelled to spend more time in obtaining or avoiding 
patents than in solving a problem". F.L. Vaughan (1965) 
op. ait. , pp.261-2. 
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A similar example is provided in Bright's history of the electric 
light industry; the suppression of the introduction of fluorescent 
lighting. As well as the "initial restraint" (Bright) in promoting 
their sales being based on a desire not to threaten the potential sales 
of incandescent lights of the companies concerned (General Electric 
and Westinghouse), it was also the result of pressure from electric 
utility companies who saw the increased efficiency of fluorescent 
lighting as a threat to their profitability/ 
"A conference was held among representatives of the large-
lamp producer and the utilities and understandings were 
worked out whereby future promotion was to be based upon 
what was considered to be 'sound illuminating engineering 
principles'. The lamp producers met the demands of the 
(cont'd) 
This practice, sometimes called "patent blitzkrieg" could 
effectively suppress competition through the use of 
infringement suits (or at least the threat of them). It 
is facilitated by the use of "umbrella patents" (patents 
that are so broad as to prevent the development of similar 
products), "accordian patents" (patents that begin with the 
single invention, but which expand to include products and 
processes used in association with it) and "bottleneck 
patents" (patents which control the use of inventions 
without which the industry cannot operate. See B.J. Stern 
(1943) "Science and War Production", Soience and Society^ 
vol. 7, pp.100-1. 
The effect of such activity can be that company researchers 
spend a lot of their effort in activities aimed at suppression 
of competition rather than contributing technological advances, 
Reich argues, 
"... science has been compromised to the extent that 
research funds and researchers have been sacrificed to 
the essentially unproductive work needed to gain or 
maintain monopoly position", L.S. Reich (1977) op. cit., 
p.235. 
A.A. Bright Jr. (1949) The Electric Lamp Industry, Macmillan, 
New York. 
Greater efficiency would mean that the demand for electricity 
would drop for a given level of lighting output; a matter to 
which the utilities "took exception", A.A. Bright (1949) 
op. cit., p.404. 
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utilities, and on May 1, 1939, General Electric issued 
a statement of policy which included the sentence; 'The 
fluorescent Mazda lamp should not be presented as a light 
source which will reduce lighting costs'. Westinghouse 
concurred by stating in part: 'We will oppose the use of 
fluorescent lamps to reduce wattages'".^ 
The technology was effectively suppressed because its introduction was 
not in the interests of either the manufacturer - who wished to achieve 
higher sales of existing lights (incandescent) before releasing the new 
product - or the utilities who, in the short run at least (i.e. until 
demand for electricity increased) stood to lose financially. When the 
fluorescent lights were released onto the market in a big way by 
Westinghouse and General Electric, this was because a smaller competitor 
began to do so successfully and hence suppression no longer was in the 
manufacturer's interests. 
Pre-emptive competition such as this was the reason why patent 
8 
pools have often existed. Such an arrangement 
"... enables the pool to buy patents at low prices, since 
holding the basic patents, it can refuse permission for the 
use by others of any improvements upon the master processes. 
In short, the pool constitutes the only possible buyer and 
exploiter of auxiliary inventions. Such an advantageous 
position permits the purchase and suppression of patents 
to be practiced".^ 
ibid., p.404. 
A patent pool is an arrangement whereby a group of "competitors" 
share patents held by member companies on some agreed upon basis, 
with the intention of controlling their common market(s) by 
preventing new competition from outside the group. 
R.K. Merton (1935) "Fluctuations in the Rate of Industrial 
Invention", The Quarterly Journal of Economics, vol. 49, 
May, pp.465-6. In respect to such activities Merton concludes, 
"It seems evident that the opposition of entrenched 
interests may retard technological advance ... The 
interests and profits of a given group of industrial 
leaders do not always coincide with those of the larger 
society, and in such instances, considerations of the 
'utility' of the controlling agents dominate over 
thoughts of social utility", (p.466). 
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Such patent pools became very significant in the 1920's linking the 
interests of corporations such as AT&T, General Electric, RCA, United 
r • 
Fruit, American Marconi and Westinghouse. With regard to the develop-
ment of radio, for example, the incentive was two-fold; to keep out 
newcomers and to allow development of radio technology, since various 
necessary patents were held by different corporations and without some 
co-operation development of the technology was effectively at a 
11 standstil1. 
Telephone technology provides examples of both suppression of 
patents and of defensive patenting. The combined handset and dial 
system were held back for 12 years by AT&T, as was the introduction of 
automatic equipment, because of the sunk investment in existing 
12 
technologies. During this period, telephone company representatives 
went to the extent of presenting a paper to the American Institute of 
1 3 
Engineers exposing "the fundamental fallacy of automatic telephones". 
An investigation into the Bell Telephone Co. in the 1930's found that 
they had suppressed 3,400 patents, to prevent competition, a strategy 
10 
11 
12 
13 
D.F. Noble (1977) op. oit., p.93; N.R. Danielian (1939) op. cit., 
pp.107-13. 
Patent pools are legal provided that they do not involve any 
price restriction. But because of this limitation, patent 
consolidation has tended to replace patent pools, i.e. patent 
protection on an individual company basis. A manifestation of 
this has been the growth of defensive R&D by companies coupled 
with purchase of necessary patents. See F.L. Vaughan (1956) 
op. oit. , p.68. 
F.L. Vaughan (1956) op. oit., p.234. R.K. Merton (1935) 
op. oit. , p.466. 
W. Kaempffert (1923) "Invention by Wholesale", Forum, vol. 70, 
p.2118. 
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which had involved them in acquiring patents covering devices for which 
they had no need, but to which they wished to deny potential competitors, 
Ik 
access. 
It is worth noting also that variations on a generic suppression 
may occur. For example, suppression may be qualitative in the sense that 
the quality of a product may be kept below its potential. Vaughan pro-
duces documentary evidence that General Electric consciously downgraded 
15 
the quality of torch globes to increase sales. Geographic suppression 
of technology occurs where that technology is allowed to operate in 
certain markets and not in others. For example, the New Jersey Zinc 
Company used its patents on processes for producing high grade zinc to 
14 
B. Stern (1937) op. cit. , p.19. 
15 
Vaughan produces a 1932 memorandum from the files of G.E. which 
reads, 
"Two or three years ago we proposed a reduction in the life 
of flashlight lamps from the old basis on which one lamp 
was supposed to outlast 3 batteries, to a point where the 
life of the lamp and the life the battery under service 
conditions would be approximately equal. Some time ago 
the battery manufacturers went part way with us on this 
accepted lamps of 2 battery lives instead of 3. If this 
change to 1 battery lamps were done we estimate that it 
would result in increasing the flashlight business 
approximately 60%. We can see no logical reason either 
from our standpoint or that of the battery manufacturer 
why such a change should not be made at this time". 
F.L. Vaughan (1956) op. oit. (pp.235-7). 
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prevent production of such zinc in the United States - and thereby 
stabilising prices while at the same time licensing such production in 
a number of European countries, benefiting in this way from the con-
16 
sequent inflow of royalties. 
As early as 1905 the tactic of suppression of technology by large 
corporations in the United States was being noted and criticised as an 
17 
abuse of the spirit of patent laws. It was also however upheld in 
law which in effect amounted to an indirect legal support of monopoly, 
since patent rights could effectively produce a monopoly position. In 
1912 the US House Committee on Patents, having found that 
"the practise of buying up and suppressing patents is 
widely indulged"^® 
16 
17 
Sometimes this geographical suppression occurs through the 
operation of an international patent cartel. The extent of 
this activity was graphically illustrated during World War II, 
when it was discovered that the U.S. war effort was being 
seriously limited by such cartels involving U.S. and German 
companies. Companies such as Dow Chemical Co., Standard Oil, 
General Electric, Aluminium Corporation of America and Dupont 
were all enforcing cartel agreements with German companies, 
and which resulted in the restricted production in the U.S. 
of supplies vital to the war effort, and in some cases, in 
severe shortages. See B.J. Stern (1943) op. ait. 
D. Noble (1977) op. ait., pp.85-9. B. Stern (1937) op. ait., 
p.20. 
U.S. House Committee on Patents (1912) "Revision of Patent 
Laws", House Reports, vol. 5, 62nd Congress, 2nd Session, 
Dec. 4 , 1911 - Aug. 26, 1912, Report No. 1161. 
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sought to introduce changes in the patent laws to prevent 
"The evils arising from the vendor of a potential article 
fixing the price at which the article must be resold to 
the public ... evils arising from the vendor of potential 
articles prohibiting their use except in connection with 
other unpatented articles purchased from them ..., evils 
arising from owners of patents suppressing [my emphasis] 
the same or prohibiting their use in order to prevent 
competitition with other patented or unpatented articles 
sold by such owners of patents".^^ 
The Committee suggested that patents be voided if not developed within 
two years, however critics pointed out that this would be playing into 
the hands of large companies even more, in that inventors who could not 
develop their ideas in two years would have their ideas expropriated 
20 
at the end of that period, by the companies. The House voted for no 
changes in this regard and legal attempts to prevent suppression have 
always ended in the upholding of the right of the patent holder to deal 
with the patent - being his private property - as with any other asset 
21 
he possesses. 
Possession of patents is however not the only way in which the 
utilisation of a technology may be suppressed. For example, the industry 
or industries which constitute the sites at which the new technology 
would be produced or utilised may show no interest, and this may be 
especially so where a monopoly situation exists. This was already being 
recognised as a problem in the early part of this century, for example. 
19 
ibid., p.2. 
ibid. , p. 2. 
21 
U.S. Congressional Record (1912) vol. 18, pp.6021-2. 
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in a testimony to the 1912 House Committee on Patents just discussed, 
it was stated, 
"These great organisations are constitutionally unprogressive. 
They will not take on the big thing. Take the gas companies 
of this country; they would not touch the electric light. 
Take the telegraph company - the Western Union Telegraph 
Company, they would not touch the telephone. Neither the 
telephone co. nor the telegraph co. would touch wireless 
telegraphy" 
Another major example was the disinclination of the steel industry 
in the U.S. to respond to available technological advances - to Gray's 
invention of a structural section that could be rolled together in one 
piece. Tytus's method of manufacturing steel sheets by a continuous 
process, and Gayley's method of supplying a dry blast furnace, plus 
23 
delaying the development of stainless steel and alloy steels. 
22 
23 
U.S. House Committee on Patents (1912) Oldfield Revision and 
Codification of the Patent Statuses, Hearings 62nd Congress, 
2nd Session, no. 18, p.12, quoted in B. Stern (1937) op. ait., 
p.18. 
B. Stern (1937) op. cit., pp.19-20. 
"In the steel industry, American companies simply did not 
for a time use the new techniques for producing alloy steel, 
lighter in weight than the ordinary product, because prices 
were calculated in tonnage. Considerations of maintaining 
high price levels and future control of an industry were 
factors in the decision of major American corporations to 
retard the introduction of a new technology even under the 
conditions of wartime". H. Etzkowitz (1978) "Solar Energy 
and the Technology of Liberation", Conference Paper, Society 
for Social Studies of Science, Indiana University, 3-5 Nov., 
p.7. 
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Similarly the inner tube was offered to all tyre companies in 
1914, but not adopted until 1926; washing machines which also rinsed 
and dryed clothes only became available when they did because the 
Bendix Co., which no established interest in the market, bought the 
patent after established manufacturers and marketers of washing machines 
refused the offer to buy the patent. Similarly, telegraph companies 
25 
showed no interest in making use of a superior form of telegraphy. 
As well as this, the existence of standardisation of a product 
or process can constrain the acceptance of a new technology because it 
may effectively create a monopoly by determining the parameters within 
which associated equipment may vary, without requiring a complete change 
of the whole system, a change which may simply be financially beyond 26 
the means of potential buyers of the new technology. 
24 
25 
26 
F.L. Vaughan (1956) op. ait., p.229. 
"The Pollak-Virag high-speed telegraph can transmit 100,000 
words an hour in legible script. If it were introduced 
telegrams would be but little more expensive than posted 
letters, but the telegraph companies of the world will have 
none of it". W. Kaempffert (1923) op. cU., p.2120. 
Examples of inventions that have been suppressed for this reason 
include the Schlick monorail, Poulsen's telegraphone. 
"The Schlick monorail and using the principle of gyroscope, 
would have been much faster, lighter and simpler than the 
established system, which Kaempffert argues had its existing 
form largely because it developed from steam-engines mounted 
on wheels hauling stage coaches on rails. Once established 
however, standardised locomotives, tracks and methods of 
operation effectively constrained the opportunities for 
the application of an alternative railway technology". 
See W. Kaempffert (1923) op. ait., pp.2116-22. 
Because of standardisation of records, Kampffert argues, a 
vastly superior recording system developed by Poulsen 
"lanaugished unused ... as welecome as a bombthrower in the 
Court of the late Czar", (p.2120). 
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It needs to be emphasised that these non-patent examples illustrate 
an important point; that suppression is not necessarily a conscious or 
"conspiratorial" matter. The choice of the word "suppression" is perhaps 
unfortunate in that it does tend to have a strong perjorative overtone 
and the patent examples noted previously, certainly can seduce one into 
an equation of suppression with a consciously motivated act. These 
examples certainly are.the most vivid yet it must be emphasised that 
they are the trees and not the wood; that is, that suppression is 
fundamentally an effect, not an act. 
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APPENDIX B 
(a) INTERVIEW SCHEDULE 
1. When did you first become involved in solar energy research (SER)? 
2. How did that involvement come about? What was the appeal of SER? 
3. What area of research did you come from? Why did you leave that 
area? 
4. Does SER still hold its initial appeal for you? If not, why not? 
5. In which discipline have you specialised (e.g. physics)? 
Within this which field (e.g. plasma physics)? 
6. Are you familiar with the SER done in Australia in the 1950's? 
Why did it arise at that time? Had there been prior research in 
Australia? 
7. In recent years there has been, in the community at large, an 
increased interest in SE. Has this been reflected in the 
scientific community as well, as an increase: 
(i) in interest in SER? 
(ii) in participation in SER? Why? 
8. Have there been any notable theoretical or technological develop-
ments that are now available to today's researchers and that were 
not available to the researchers of the 50's or 60's? To what 
extent do further developments in SE require theoretical develop-
ments in allied fields? 
9. To what extent has SER spawned new theory? 
10. Are there any SE researchers or administrators that you consider 
to be "key men" in SER in Australia? What is the basis of there 
being "key men"? 
11. Is there general agreement among SER's as to priority problems? 
12. In very general terms, a SER group may focus on perfecting an 
existing technological approach, or, alternatively, on developing 
a new approach. Are there any particular factors which make one 
of these factors the more likely approach. 
13. What, if any, are the main obstacles to the development of 
innovative ideas in SER? 
14. Have you ever had any indication that SER has a particular "image" 
amongst scientists and engineers in general? Do you think that 
other scientist have an image of the "typical" SE researcher? 
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15. Do you discuss your work with members of other research groups? 
If so, who? If not, why not? 
16. What would be your most important means of transmitting and 
receiving information relevant to SER? 
17. In which journals do you publish the results of your work? 
18. What is the channel of funding for your work? Who makes the 
decision as to whether or not a particular project is funded? 
19. Does the need for funding affect the way requests for funding 
have been couched? 
20. Has the need for funding affected the direction of your research? 
Do you think that it has affected the approach taken by any other 
SER groups? 
21. Does funding for SER go to the most scientifically worthwhile 
project? 
22. Have personalities had any effect that you know of on funding? 
23. Have restrictions on funds (actual or potential) had any effect 
on relations between SER groups? If so, how? 
24. Have restrictions on funds, real or potential, caused SERs to 
become more active in public relations? Has this been beneficial 
or detrimental? 
25. Has science policy/energy policy had any effect on SER? 
25. Can Australia make any special contribution to SER that the 
United States, with its greater resources, cannot? 
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(b) LETTER TO SOLAR ENERGY RESEARCHERS 
The Australian National University 
Post Office Box 4 Canberra A C T 2600 
Telegrams & cables NATUNIV Canberra 
Telex AA 62694 SOPAC 
reference Telephone 062-49 5 1 1 1 
October 31 
Department of Sociology 
School of General Studies 
Dear [ ], 
I am a post-graduate student in the above department, and am 
presently writing a thesis on the development of solar energy research 
in Australia. As part of my research I shall be interviewing a 
selection of solar energy researchers throughout Australia. To this 
end I shall be in Sydney for approximately two weeks from this 
Thursday (November 3). 
I should like to request an interview with you; annon^mity and 
confidentiality are, of course, assured. I shall ring you, or your 
secretary, later this week to arrange a time to see you. 
Thank you for your attention. 
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APPENDIX C 
THE IMPORTANCE OF FOREIGN CONTROL ON R&D EXPENDITURE 
It is clear that foreign controlled companies do a disproportionately 
large amount of research and development; it is not clear that this is 
specifically due to their being foreign controlled. 
The following graph (Figure C.l) plots the percentage of companies 
in each industrial category that do research and development and are foreign 
controlled, against the percentage of research and development ($) done 
by those foreign controlled companies and the dominance of industries 
above the 45° line indicates that foreign controlled companies do a more 
than proportionate share. 
However, there is no indication of the effect of size of company 
in this data. That is there is no way of knowing whether or not the 
higher research contribution of the foreign owned companies is in fact 
due to their being foreign controlled, as opposed to being due to the 
dominance of foreign ownership amongst large companies which because of 
their size, may be more research intensive. 
Data provided by the 1973/4 Project Score report enables a similar 
connection between average research and development expenditure per firm 
and foreign ownership by size of company to be made (see Figure C.2), but 
in this case it is the data on the nature of the industry which is lacking, 
that is it is not clear that the variation is not satisfactorily explained 
by the greater involvement of foreign controlled companies in the more 
1 
research intensive industries such as chemicals and electronics. 
1 
If we hypothesise thar r = f(i,s,c) 
where r = research intensity of a company 
i = the industry in which it operates 
s = the size of the company 
c = control, foreign or Australian 
there is no clear evidence that r is not satisfactorily predicted 
by variations in i + s alone. 
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igure C. R&D Expenditure by Control and Industry 
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igure C.2: R&D Expenditure by Control and Size 
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APPENDIX D 
THE PROBLEMATIC NATURE OF COST COMPETITIVENESS 
THE CASE OF ENERGY TECHNOLOGIES 
In Chapter 8 it was noted that one of the implicit assumptions in 
the report produced by a Senate Select Committee on solar energy research 
in Australia, was that economic competitiveness is an unproblematic 
1 
matter. The function of this appendix is to present the argument that 
this simplifying assumption is by no means a simple matter. 
A common response to the argument that technological issues must 
be seen in "a political/economic light", would doubtless be, that the 
development and utilisation of a technology is basically a matter of 
whether or not it "does the job" and whether or not it is cost competitive. 
With regard to the matter of whether or not a technology "does the job", 
one must first determi exactly what the job is, that needs doing. For 
example, with respect to providing hot water in the home, is the job 
seen as heating the water, however this is accomplished, or as providing 
2 
electricity to heat the water. One focuses on how the energy is 
provided, the other on the use to which that energy is put, an approach 
which may indicate that fuels are being used thermodynamically inefficiently 
because of the application of high quality energy such as fossil fuels 
where only lower medium quality energy is required, for example, to heat 
water to 100°C. 
1 
2 
Chapter 8, p.271. 
Another possibility, of course, that it might be argued that the 
preferability of solar based technologies is such that the concep-
tion of the job to be done may be deemed subject to change (a 
redefinition of ends in light of a commitment to specific means). 
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Another aspect of "the job to be done" is whether one is envisaging 
a complete substitution of an existing fuel by a solar derived one. This 
is relevant in particular in regard to the provision of liquid fuel for 
transportation. Crops grown especially to provide ethanol could make a 
contribution to the stock of liquid fuels - existing internal combustion 
engines can run on a mixture 70% petrol, 30% ethanol without requiring 
modifications - but because of the technical problem that large amounts 
of land are needed for the growing of the crops - cassava, sugar cane-
it is extremely unlikely that ethanol could become the sole, or even 
3 
major, form of liquid fuel. 
The nature of the job to be done, also affects the importance of 
the major criticism of solar energy technologies, the lack of storage 
technologies. The extent to which this is a problem depends on how much 
importance is attached to developing a centralised system from which 
the energy is to be distributed via a grid system and on how much 
emphasis is placed on electricity. If, for example, the energy is 
collected at the point of end use, it is not difficult to store it 
through the use of rock beds or perhaps wind-generated compressed air. 
3 
See, for example, N.K. Boardman (1978) "Solar Energy Conversion in 
Photosynthesis and Its Potential Contribution to World Demand for 
Liquid and Gaseous Fuels" in Frooeedings of the Fourth International 
Congress on Photosynthesis 1977, pp.635-44. 
Boardman argues that photosynthesis could only supply a small 
percentage of liquid fuel requirements, for to supply the total 
need in the year 2000 would require 30% of the lands surface. 
He adds however, that specific countries may be able to meet 
most of their needs. In Australia, about 3 million hectares 
would be needed to meet liquid fuel requirements for transport, 
10 times the present sugar cane area. 
The problem of storage has not been given a great deal of attention 
so far in research because with electricity generation based on 
nuclear power, oil or coal, it is not a problem. 
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Centralised systems could have storage in the form of water storage, using 
the energy when available to pump water up into elevated containers, the 
water subsequently being used to drive turbines as it falls; or in the 
form of gas, using the energy when available to hydrolyse water,the 
5 
hydrogen gas becoming the fuel to burn at a later stage. " Mechanically 
6 
storing energy may also be considered. 
Overall, however, there is considerable agreement that solar energy 
technologies actually "work", the one technical flaw that is often raised 
being the storage question, but as noted, the extent to which this is a 
problem varies and there are forms of storage available or potentially 
available. Most of the criticisms of solar energy technology are based 
on a questioning of its economic viability, of its economic competitive-
ness with competing fuels. It is to this matter that I now turn. The 
objective is not to give a detailed cost breakdown of solar and competing 
technologies, but rather to point out the factors that affect relative 
costs and which make it difficult to sustain an argument that prices in 
the energy market represent some sort of intrinsic relativity. 
7 
The Pricing of Non-Renewable Resources 
The price of fuels - coal, oil, etc. - depends on (a) the cost of 
extraction and processing; and (b) scarcity rent (due to the fact that 
as a non-renewable resource, total demand is greater than total supply. 
^ See B. Chalmers (1976) op. ait., p.42. 
^ R. Nader and J. Abbotts (1977) The Menace of Atomic Energy, 
Outback Press, Melbourne, p.251. 
^ For a economic discussion in which various views are presented see, 
for example, D.W. Pearce and J. Rose (eds.) (1975) The Economics 
of mtural Resource Depletion, Macmillan, London and Basingstoke. 
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8 
the former being theoretically indefinite, the latter fixed). Ideally 
the price rises over time, such that demand ceases at the point that 
supply runs out, that is, demand ceases as substitutes take over, as 
they become economically competitive. 
However, there are a number of reasons why the energy market may 
9 
be less than ideal. 
(i) Correct pricing depends on an estimate of the appropriate discounted 
rate of return to apply. If the future price is such that the discounted 
value of sales is less than the present equivalent, then there is a major 
incentive to sell now, rather than in the future. Uncertainty about 
future markets makes some lack of precision probable. 
(ii) The socially optimal discount rate may differ from that of the 
individuals, because provision of energy for future generations is in 
many ways, a public good. 
(iii) The common property problem: where an individual producer of energy 
lacks property rights there is little incentive to conserve the resources 
because there is no guarantee that it will be there in the future, that 
is, others may decide to extract/sell it now. Hence the discounting and 
scarcity rent become irrelevant. The resource will tend to be over-
utilised in the present and near future time periods. This can happen with 
9 
That is, while demand can possibly last as long as man exists, the 
supply is limited by the geological processes which produce them. 
Even if an ideal market exists, all that is guaranteed by this is 
an efficient allocation of resources such that a substitute is 
available at the time of depletion of the other resource, but as 
this may be based on a rapidly increasing price in the latter 
years before depletion, it cannot also guarantee an equitable 
solution (that is, it may be deemed inequitable to have the 
users in the latter years carry such a heavy burden). 
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oil fields, though government intervention reduces the likelihood of 
this, through such means as allocation of the license for one field to 
one group and/or allocating production between groups. 
(iv) As relative prices change, one can substitute fuels, utilising 
those which now become economic; but the same cannot be said of techno-
logies, they do not exist in situ, in the way natural resources do. It 
is one thing to say that technology X would now be economic, yet another 
to say that technology X is developed. Just as a fuel needs to be 
extracted before it is "available", so a technology must be developed. 
The question therefore becomes one of whether or not sufficient resources 
are available (manpower, knowledge, funding) see that required technolo-
gies are in fact developed and available when required. 
Market Imperfections: 
Market imperfections such as the following also should be considered. 
(i) The existence of a monopoly/monosony situation: This may result 
in the purchaser of the resource being able to enforce a low price. 
This is common where the monoponistic situation is enforced by legisla-
tion. This occurred in Australia when the Victorian Gas and Fuel 
Corporation bought gas from Esso-BHP at a very low price, effectively 
removing any scarcity rent from the price. 
(ii) "By-products": In certain processes, energy resources will be 
produced inevitably and which may be sold as contributions to fixed 
costs, at an unrealistically low price. An example of this in Australia 
is the virtual dumping onto the market of oil for home heating, oil 
which is left over after refining (for petrol). 
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(iii) Externalities: These are costs which are incurred by one party in 
economic exchange, but which do not enter into the market. They are 
typically public costs which are not held to be the responsibility of 
specific economic agents. All energy technologies will involve these 
to some extent, from visual pollution (an accusation often made in 
respect of solar collectors and windmills) to air pollution and thermal 
pollution. For example, the most serious criticism made of widespread 
use of coal burning electricity generating plants, is not simply that 
it is polluting in the normal sense of the term but that as a result of 
the consequent emission into the atmosphere of the large amounts of CO2, 
that the hothouse effect may occur, whereby the median temperature of 
the earth would increase several degrees centigrade, affecting crop 
10 
zones and the polar ice. 
If physical effects are classifiable as externalities so too 
should social effects. In fact it is quite instructive to note that 
whilst developments are at least subject to serious scientific debate 
in terms of environmental impact on the physical environment, the 
social environment remains largely of peripheral concern. It is perhaps 
ironic that the social system of lower-order animals is specifically 
included in environmental reports, whilst the social system of humans 
is seen as somehow not affected. 
As an example of social costs, one could reference the increased 
security necessitated by nuclear plants. Security services concerned 
with nuclear power in the U.K. already have few restrictions on their 
See for example, R. Gifford (1978) "Social Impact of Increasing 
Atmospheric Carbon Dioxide Concentration", Paper to Energy and 
People Conference, Burgmann College, A.N.U., Canberra, 7-9 Sept. 
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powers regarding security. As well, an especially constituted constabu-
lary guards installations and has the right to carry arms at all times to 
engage in "hot pursuit" and to arrest on suspicion. Also, all professional 
staff at nuclear establishments are subject to the examination of their 
11 
private lives and political affiliations. 
Surveillance could also apply to social critics of nuclear power; 
the critic-threat-saboteur distinction could easily become blurred in 
the eyes of those concerned with security. The courts will be faced 
with a difficult dilemma, whether to uphold "civil liberties" or whether 
to support reduced liberties in the name of security, but ultimately 
the consequences of successful sabotage are likely to lead them to 12 
support procedures deemed necessary for security. There is, in 
respect of all energy technologies the matter of the quid pro quo. That 
in respect of nuclear power has been described by an eminent nuclear 
physicist as follows: 
"We nuclear people have made a Faustian bargain with society. 
On the one hand we offer - in the catalytic nuclear burner -
an inexhaustible source of energy ... But the price that we 
demand of society for this magical energy source is both a 
vigilance and a longevity of our social institutions that 
we are quite unaccustomed to".^^ 
11 
12 
13 
W.C. Patterson (1977) The Fissile Society, Earth Resources Research 
Ltd., London, pp.103-7. 
For the U.S. situation see R. Nader and J. Abbotts (1977) oip ait. 
See, e.g., R.W. Ayres (1975) "Policing Plutonium: The Civil 
Liberties Fallout", Harvard Civil Rights - Civil Liberties 
Law Review, vol. 10, no. 2, Spring, pp.369-443. 
A.M. Weinberg (1972) "Social Institutions and Nuclear Energy", 
Saienae, vol. 177, July 7, p.33. 
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A further factor, which arguably has the characteristics of an 
externality, is the cost of inaccurate planning. Electricity authorities 
in the U.K. have conceded that it is almost impossible to prepare reliable 
forecasts for further ahead than 6 years yet they are faced with having 
to make plans ten or more years ahead, because it takes that long for 
11+ 
a plant to come "on line". In this situation, the "economies of time" 
should be considered as well as the economies of scale and it may turn 
15 
out that smaller plants, with shorter lead times, are socially optimal. 
(iv) Subsidies: The energy market is one in which there is a history 
of subordination of market forces through, in particular, high levels 
of subsidies. The U.S. Federal Government has been estimated to have 
spent at least $150 billion since 1918 in the oil, gas, coal and nuclear 
1 6 , 
energy fields. Currently, subsidies may be running as high as $10 
17 
billion per year. Thus it is very difficult to argue what the relative 
W.C. Patterson (1977) op. ait., pp.44-9. "Accordingly it is now 
necessary to order a new base station some four years before the 
planners can ascertain with any conviction that the station will 
be required", (p.49) 
^^ ibid. Patterson comments that this has been ignored and that the 
planning of highly centralised, large, plants has taken precedence 
over their supposed objective of supplying electricity to the 
consumer in the most efficient manner. Also forecasting errors 
can be particularly costly to society since as the authority has 
a monopoly over electricity supply, it cannot simply be allowed 
to go out of business as a result of poor forecasting decisions. 
^^ Business Week (1978) "The Coming Boom in Solar Energy", Oct. 9, 
p.89. They note that estimates as high as $500 billion have been 
made in this regard. 
^^ A.B. Lovins (1977a) "Statement" in United States Senate Select 
Committee on Small Business and Insular Affairs (1977) Altevnative 
Long Range Energy Strategies, 94th Congress, 2nd Session, U.S. 
Government Printing Office, Washington, p.167. In future footnotes 
the latter publication is referred to as U.S.S.C. (1977). 
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cost of competing technologies, in fact is. That is, one is comparing 
the costs of a technology which has been developed on the basis of very 
18 
high subsidies with the cost of technologies that have been far less 
in the position of being able to take advantage of such subsidies. 
Thus the argument that Technology A is more expensive per kilowatt hour, 
than Technology B, is not to be interpreted without qualification, that 
19 
is, it is not to be interpreted to be some intrinsic relativity. 
Even with these massive subsidies, it is still not certain that 
nuclear power is economically viable. For a long time, rapidly 
increasing capital costs were of little concern because of the promise 
20 
of cheap fuel (uranium). Uranium has not however remained cheap and 
have risen to the extent that Westinghouse are attempting to cancel 
19 
20 
Patterson comments that, 
"nuclear planning has never been governed by normal economic 
criteria. Government policy directions have always played a 
definitive role - either overt or covert - in nuclear decisions". 
W.C. Patterson (1977) op. ait., p.20. 
With respect to the Australian situation. Miller comments, 
"Government representatives stress the role of the "free 
market", blindly ignoring the extensive government involvement 
in every aspects of conventional energy supply and demand". 
A.S. Miller (1978) "Non-Technical Issues in Solar Energy 
Development", Search, vol. 9, no.4, April, p.152. 
High capital cost is not ipso faato a negative factor, given the 
right of utilities to receive a certain return on fixed capital. 
Indeed this may be an incentive, higher capital costs mean higher 
potential absolute return, as well as reinforcing the "obviousness" 
of the natural monopoly in electricity generation. 
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their fuel supply contracts (in which they guaranteed, fuel supplies at 
fixed prices. 
The picture is by no means clear. Rossi,n and Rieck, using data 
from the operations of the Commonwealth Edison Company (their employer 
and the largest user of nuclear reactors in the United States), argue 
that: 
(a) Nuclear generated energy has been cheaper than coal generated 
energy, and 
(b) Even if nuclear power does become more expensive than the alterna-
tives - a possibility they foresee as being due to unnecessarily stringent 
design and operating regulations - that nuclear power should be continued 
with in order to maintain a diversity of supply (they foresee a 65% 
22 
nuclear, 30% coal, 5% oil, mix by the mid-1980's). Nader and Abbotts 
23 
on the other hand claim that nuclear power is "an economic disaster". 
21 
B. Commoner (1976) The Poverty of Power, Alfred A. Knopf, New York, 
pp.118-9. The cost of the uranium is arguably still artifically 
low because the charge for enrichment. The enrichment plants have 
been built by the U.S. government at a cost of several billion 
dollars and by choosing a low rate of capital amortisation, the 
charge for enrichment and hence the price of fuel has been kept 
relatively low. It was planned that the enrichment process would 
be taken over by private interests, but the consortium involved 
would only do so on the basis that if the venture failed, that 
the government would buy the plant and meet all the consortium's 
commitments, (pp.89, 119-20). 
^^ A.D. Rossin and T.A. Rieck (1978) "Economics of Nuclear Power", 
Soienoe, vol. 201, Aug. 18, pp.582-9. 
R. Nader and J. Abbotts (1977) op. cit., p.212. 
On the British situation, Patterson commented, 
even if it were unquestionably free from any hazard whatever, 
nuclear energy would be no bargain. Only the sturbborn deter-
mination of government influenced behind the scenes but the advice 
of weapons-programe alumni has kept the British civil nuclear 
program from collapsing ... it could not have been launched on 
normal commercial criteria, and shows no signs of veing capable 
of doing so in the future ... Only regular transfusions of public 
money eight or nine digits at a time, have kept the nuclear 
23 
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With regard to breeder reactors they note that although Atomic Energy 
Commission cost/benefit analyses showed the breeder to be financially 
viable, a few alterations in assumptions such as the level of electricity 
Zk 
demand in the next century, make the conclusion quite the opposite. 
In 1975 the U.S. government demoted the breeder program from "demonstration 
26 
of commercial feasibility" to "research" status. Despite the massive 
subsidies already received, the nuclear industry is now asking for even 
26 
greater and more overt subsidies. 
The Economic Viability of Solar Technologies: 
The foregoing discussion suggests that the calculations of cost 
competitiveness are perhaps myopic and that solar technologies are 
likely to have suffered most from this myopia. Nonetheless certain 
solar technologies are increasingly proving their cost-competitiveness, 
27 
in particular, for domestic water heating. The degree to which the 
23 
24 
25 
26 
27 
(cont'd) 
invalid from expiring of terminal futility. As a result of a 
staggering amount not only of money but also of effort and time 
has been squandered, resources which might have been devoted 
with greater advantage to any number of other energy related 
activities in the past twenty years". W.C. Patterson (1977) 
op. ait. , p.m. 
R. Nader and J. Abbotts (1977) op. cit., pp.190-5. 
B. Commoner (1976) op. oit., p.108. 
R. Nader and J. Abbotts (1977) op. ait., pp.55-6. 
The cost of flat-plate collectors (installed) in the U.S. is 
between $100 and $700 per square metre and are expected to halve 
in the near future {Business 1978, op. ait., p.92). At 
$200 per square metre they compete with electrical resistance 
heating; at $150, with oil heating; at $100, with all residential 
fuels. 
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cost of a technology can change is graphically illustrated by the changes -
actual and projected - in the cost of photovoltaic cells. The cost of 
cells used in satellites was $200,000 per kilowatt (kw). By 1973, the 
cost of cells developed for terrestrial application was $50,000 per kw. 
2 8 
By 1978 the cost was down to $10,000 per kw. The U.S. Department of 
Energy has set its goals at reducing the cost per peak kw to $2,000 by 
1980, $500 by 1986,^^ and $100 - $300 by 1990.^° 
28 
29 
30 
ibid. , p.95. 
The research and development cost of achieving this 1986 figure has 
been estimated at $250 million. 
Dr. Paul Rappaport (RCA Corporation) "Solar Photovoltaic Electricity", 
Statement at hearings of the House Committee on Science and Astro-
nautics, U.S. Congress, June 5, 1974, pp.41-2; referenced in 
R. Nader and J. Abbotts (1977) op. cit., pp.245-6. 
See D. Hayes (1978) "The Solar Timetable", Environment, vol. 20, 
no. 6, July-Aug. , p.13. 
The current capital cost of a coal fired plant is about $600 per 
kw and of a nuclear plant about $900, according to Business l^eek 
(1977) op. cit. , p.96. 
Figures presented in the U.S.S.C. report are generally in agreement 
with these, although Lovins argues that transmission costs make the 
more appropriate figure $3,100 - $3,100 per kw delivered. 
A.B. Lovins(1977b) "Comment and Correspondence", Foreign Affairs, 
April 1977, pp.637-40; reprinted in U.S.S.C. (1977) op. cit., pp.478-80, 
This is because every dollar paid by user to utilities (in the U.S., 
in 1972) only 3 U was for electricity generation, 60(J went on 
transmission expenses. 
A.B. Lovins (1977a) op. cit., p.162. 
In respect of these figures the following comment seems relevant: 
(i) Peak kw figures are not directly comparable with average kw 
figures, because solar based generators will operate at peak for 
only some part of the day. On the other hand, nor do conventional 
stations operate 24 hours per day 365 days per year. Chalmers notes 
that conventional plants in the U.S. operate approximately 50% of 
the time, generating 4,400 kw hrs per installed kw per year. The 
equivalent figute for solar generation depending on the location, 
in the U.S., would be between 1,400 kw hrs/yr and 2,100 kw/hrs yr. 
Therefore at equivalent per kw cost - e.g. $900, the absolute cost 
of the same kw hrs per year are to be supplied would be between 2 
and 3 times greater than for conventional generation. If the cost 
of photovoltaic cells drops as predicted, this cost of difference 
should decline (the magnitude and direction of the change will of 
course depend on what happens to costs of conventional generation 
over the same period). Even if solar remains more expensive in 
terms of capital cost, the economic viability being not determined 
until the cost of fuels is included, it could still prove to be the 
cheaper option. Ref. B. Chalmers (1976) op. cit., p.43. 
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Reduction in the cost of photovoltaic cells is expected to be 
largely the result of economies of scale in production - the expansion in 
production being due to the Federal government decision to buy the cells.^^ 
Expectation of such a reduction in cost is based on the experience of the 
development of transistors and integrated circuits, which are technolo-
gically very similar (semi-conductor technology). New methods of production 
32 
may also emerge which could further reduce costs, the existing dominant 
33 
method of production having been described as "archaic". 
Just how the relative costs of energy technologies will change, is 
uncertain. There are those who, for example, doubt that photovoltaic 
cells can ever achieve the low cost level required for them to be 
34 
competitive. The factors discussed in this appendix, however, are 
sufficient to illustrate that the notion of cost as some fixed relativity 
- as is implicit in many comments on relative cost competitiveness - is 
at best simplistic, ignoring as it does both the imperfect nature of 
the energy market, and the changes in cost at different stages of the 
development of a technology. 
31 
32 
33 
34 
That is, photovoltaic cells are being given some of the advantages 
of market influence that has been typical in the development of 
nuclear power. 
There is a technical limitation on the improvement of photovoltaic 
cells; they have a theoretical maximum efficiency of about 28%, 
although in practice, efficiencies have levelled off at about 13%. 
See Business Week (1978) op. ait., p.96. 
"Solar cell production is still vritually at the handicraft 
stage of manufacture. Skilled workers use diamond cutters to 
hand cut crystalline cylinders into the thin plate which can 
be made into solar cells ... The solar cell, at present, is 
a machine for the production of electricity, that is made by 
an archaic process". H. Etzkowitz (1978) op. ait., p.16. 
Several companies are in fact working on such developments; in 
particular International Business Machines (IBM), Mobil-Tyco 
Energy Corporation who are producing long silicon ribbons of the 
desired final thickness. See Business Week (1978) op. cit., p.96. 
See, for example, M.W. Goldsmith, I.A. Forbes, J.C. Turnage, 
S.E.' Weaver and A.R. Forbes (1976) New Energy Sources: Dreams 
and Premises, Energy Research Group Inc., Mass., reprinted in 
U.S.S.C. (1977) op. cit., pp.323-57. 
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APPENDIX E 
THE ANALYSIS OF THE DEVELOPMENT OF TECHNOLOGY REVISITED 
A consistent theme throughout the preceding analysis of solar energy 
research in Australia has been the importance of the focus in research 
on utilisation of solar energy through the development of technologies. 
This concern has had ramifications for the field of solar energy both 
within "the realm of science" and within "the political/economic realm". 
The significance of the technological aspect has meant that attention 
has been focused in particular on what have been described as the non-
1 
cognitive levels of effect. However, the current stage of solar energy 
research in Australia is one of considerable diversity of approaches 
and this, coupled with the limitations that have existed on the ability 
of projects to proceed through the stage of development has meant that 2 
the problem of form has yet to become manifest. On the other hand, 
developments in the United States are very much at a point where the 
relevance of analysing the development of technology in terms of the 
problem of form, may best be illustrated. Thus in this appendix the 
analysis moves outside the Australian context in an attempt to illustrate 
more clearly the relevance of the analysis of the social basis of the 
3 
development of technology presented at the beginning of this thesis. 
^ See Chapter 2, p.44. 
^ This has been noted previously in the thesis; see Chapter 5, p.175. 
^ Chapter 2, pp.34-44. 
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The Development of Solar Energy Technology in the United States: 
As was the case in Australia, the after-effects of the energy crisis 
of 1973-4 was the resurgence of interest in solar energy which was 
reflected in the increased funding allocated to solar energy research. 
A major focus in the solar energy research has been on the development 
of the "power tower" system, which involves an array of computer con-
trolled concentrating collectors which are used to focus the sun's rays 
on a container of fluid on top of a tower. Resultant steam is used to 
drive a generator to produce electricity. The United States Energy 
Department has a $123 million, 10 Megavolt pilot project in progress 
in California, which uses 2,000 concentrators to focus the rays on a 
fluid container, 25 stories high, to produce temperatures as high as 
1,000°F. If successful, a plant ten times as large is planned. In 
this form it is a solar energy technology which is particularly suited 
Table E.l 
U.S. Federal Solar Budget, 1970-78 
Year Allocation $million (Congress) 
1970 0.2 
1971 1.2 
1972 1.7 
1973 4.0 
1974 15.0 
1975 43.0 
1976 114.6 
1977 290.0 
1978 (recommended) 320.0 
Source: R. Grossman and G. Daneker (1977) Guide to Jobs and Energy, 
Environmentalists for Full Employment, Washington, p.17. 
The whole publication is reprinted in U.S.S.C. (1977) op. ait., 
pp.1931-53. 
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to maintenance of the base-load electricity system exemplified by the 
electricity utilities and the grid system, that is, it is a form which 
is both centralised and eleotriaity producing. In both these respects 
this approach to utilisation of solar energy has been criticised,^ in 
6 7 
particular for "playing into the hands of the utilities". ' 
Certainly the utilities had not been supporters of solar energy 
technology - their resistance has been noted by as diverse sources as 
8 9 
Ralph Nader and Business ^eek - because of their concern with 
5 
For example, Lovins argues, 
"The illogic of the position is this: if we are running out of oil 
and gas, but do not like coal, it is said, we need nuclear power; 
but if we are not going to have nuclear power we need other systems 
that would do what nuclear stations would have done -- namely 
deliver Gw blocks of electricity. But we should instead be seeking 
systems to do what we would have done with oil and gas if we had 
them in the first place. It is the function that interests us 
[my emphasis]. A.B. Lovins (1976) "Scale, Centralisation and 
Electrification in Energy Systems", paper to Symposium on Future 
Strategies of Energy Development, Oak Ridge, Tennessee,Oct. 20-1; 
reprinted in U.S.S.C. (1977) op. cit., p.253. 
^ See, for example, A.L. Hammond and W.D. Metz (1977) "Solar Energy 
Research: Making Solar After the Nuclear Model", Science, vol. 197, 
July 15, pp.241-44. W.D. Metz (1976) "Solar Politics: Lame Duck 
Officials Instigate a Major New Study", Science, Dec. 17, reprinted 
in U.S.S.C. (1977) op. cit., pp.628-31. 
^ The provision of electricity does however seem to be a self-evident 
logic, for as well as there being a grid system, consumer dependence 
on electrical (A/C) appliances has become established. 
R. Nader and J. Abbotts (1977) op. cit 
^ Business Veek (1978) op. cit. 
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technologies seen as amenable to the production of base load electricity, 
but when it became clear that solar energy technology could take a 
centralised form, the interest of the utilities increased a little, to 
the extent that some utilities are providing partial funding for 
10 
research into the power tower system. 
Underlying most of the objections to this trend in the development 
of solar energy technology is a basic ontological assumptions about 
solar energy technology, that it is fundamentally decentralised and 
that centralisation is therefore a socially constructed misuse of its 
11 
inherent nature. This assumption is based on a myth. Certainly 
solar energy qua energy is a diffuse form of energy but to equate this 
with decentralised technology is a mistake. Technology is a social 
product. It means little to say that solar energy technology could be 
largely decentralised if the emphasis in research in fact is devoted 
largely to the development of centralised technologies. It means even 
10 
Utilities have an interest in increasing use of electricity. They 
have controls over the return on investment that they are allowed 
to obtain, thus profit growth for them means fundamentally, 
increasing the volume of scales, hence their interests rationality 
lie in increasing the use of grid electricity, both through simple 
"using more" and through encouraging the development of new 
applications for electricity. Smith, in a study of the electricity 
industry noted that large numbers of utility executives expressed 
concern that no major new electrical appliance had been developed 
in decades. B. Smith (1974) Technological Innovation in Electrical 
Fower Generation, 1950-1970, Ph.D., Indiana University, University 
Microfilms, England, p.104. 
^^ "A point about solar energy that government planners seem to have 
trouble grasping is that it is fundamentally different from other 
energy sources. Solar energy is democratic. It falls on 
everybody." A.L. Hammond and W.D. Metz (1977) op. cit., p.241. 
Commoner expresses a similar view ^ , , 
"Nuclear power requires a highly centralised energy system based 
on a relatively few very large and extremely expensive installa-
tions; it would produce only electricity for power-gnd 
distribution. An energy system based on solar energy would be 
highly decentralised, consisting of numerous very small units . 
B ^ C o L n e r (1977) "The Hidden Joker in Carter s Energy Ian , 
r^z. Washington Fost, May 29; reprinted in U.S.S.C. (1977) .p. , 
p.2071. 
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less to say or imply that solar energy technologies are inherently 
decentralised. It is for this very reason that we may speak of the 
social production of technology in the sense that the problem of form 
has meaning. The critics of centralised solar energy technology are 
correct when they point to the direction that the development of solar 
energy technology is taking, in that they have identified social assump-
tions being incorporated in the act of production of technology yet 
at the same time incorrect in that they also tend to assume a natural 
12 
state for a technology, that is, an inherent form for a technology. 
Another variant of this assumption is the argument that the 
development of solar energy technology is being constrained because, 
not only is solar energy essentially decentralised, it is also an 
energy source which is so diffuse that it cannot be monopolised and 
therefore largely unattractive to business interests, particularly 
to those corporations with established energy interests. This argument 
however overlooks the significance of the difference between solar 
energy and the utilisation of solar energy, the latter involving some 
form of technology. There is a considerable difference between the 
availability of solar energy in the sense of its presence and the 
availability of solar energy as energy in a form that can do work in 
the thermodynamic sense. The distinction is vital in that it involves 
a role for solar energy technology and thus the possibility of production 
13 
of solar energy technologies for exchange value. 
12 
Even if it is assumed that solar energy technologies must be_ 
decentralised, this does not guarantee decentralised production. 
The decentralised users may be just as closely tied into the 
commodity (exchange value) market, as under a centralised system, 
because they will need to buy the hardware from someone. There 
is no contradiction between the decentralised application of a 
technology and the centralised production of that technology. 
Focusing on both the spheres of production and consumption 
reveals this. 
See Chapter 3, p.43. 
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Thus the commodity rationale is sufficient rationale for a company 
to become involved in the production of solar energy technology. Such 
a decision is not made in a vacuum however, it is made as part of an 
overall strategy of operation. Firstly, if the company has no involve-
ment in a product that will be disadvantaged by the production of this 
new commodity, then this is an incentive to produce the new commodity. 
Secondly, if the company has expertise that it can apply to the 
production of the technology then this is a further incentive. Thirdly, 
if production of the commodity may occur without expert knowledge that 
is unavailable (e.g., due to patenting) then this objective becomes 
more realisable. Fourthly, if this situation exists and the company 
does have interests that may be negatively affected, then this is an 
incentive to become involved for defensive reasons. 
All four of these apply to the case of solar energy research. 
In the last few years involvement of large corporations in solar energy 
research has grown rapidly. Several large corporations are involved 
in photovoltaic research, in the search for cheaper cells. These 
corporations include I.B.M., Westinghouse, Bell Laboratories, Grumman 
Aerospace and General Electric. Both Mobil and Shell are involved in 
photovoltaic research, the former through its acquisition of controlling 
shares in Tyco-Laboratories (new Mobil-Tyco), the latter through Solar 
Energy System, now a Shell subsidiary (Shell has invested $10 million 
in photovoltaic research since 1973). Atlantic Richfield bought 
Solar Technology International while Exxon and Motorola have started 
15 , 1 • 
their own solar energy research companies. Heating and c o o n n g 
Business Week, (1978) op. ait., pp.96, 99-102. 
J.P. Smith (1978) "Firms Cash in On Solar Energy", Guardian \rJeekly, 
1 5 
Oct. 29. 
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technologies are being developed by private industry and it is noticeable 
that some very large corporations are already involved in this aspect of 
solar technologies - General Electric, General Motors, Grumman and 
Aluminium Company of America. 
For some companies, the solar energy research is a commodity, as 
much as the solar energy research technology, in particular for those 
in the aerospace industry for whom energy research is seen as a likely 
replacement for the declining aerospace research. Companies such as 
Boeing, Lockheed and Grumman are becoming increasingly involved in all 
aspects of energy research. 
One proposition put forward by such companies has been for the 
funding of "solar satellites". These would be basically a huge array -
several acres - of photovoltaic cells, orbiting the Earth, converting 
the solar radiation to microwave energy which would be beamed back to 
receiving stations on Earth which would rectify the radio waves into 
electricity. The aerospace industry is the main force behind this 
proposal, but a wide range of companies is involved, including Boeing, 
Martin Marietta, Westinghouse and General Electric. This example points 
out once again the fallacy in assuming that a technology must take a 
particular form; even photovoltaic cells which seem to offer great 
16 
prospects for decentralised electricity generation could be realised 
in practice as components in a highly centralised system. 
While there are economies of scale in their production there are 
not in their utilisation, i.e. their efficiency remains constant. 
As well as being used in solar satellites, very large arrays of 
solar cells could be placed in desert regions with the resulting 
electricity being fed into the electric grid. 
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In 1978 it was claimed that 
"The principal American investors in solar energy have so 
far been glass and aluminium manufacturers or firms that 
are completely new".^^ 
If this remains true, it may not be for long, given the major moves by 
the large corporations just discussed. Of particular interest is the 
move by oil, and other energy associated, companies into solar energy 
research. It has been argued that 
"existing energy companies have no real background or 
particular advantage in the solar energy field ... and 
that therefore solar energy technologies are unlikely 
to come from the customary producers of energy."^® 
However such companies are redefining their market as "the energy 
market" rather than only one component market. Nor is lack of expertise 
proving to be a major barrier. The financial resources of most of these 
companies are such that a substantial position in a new field may be 
established by either setting up their own research group (employing 
experienced researchers) or, in what amount to much the same thing, by 
buying a controlling interest in established solar energy research 
companies. 
A wide range of companies are now developing an interest in solar 
energy technology, and the forms of technology are quite diverse. Not 
only centralised forms are being developed, but by and large it is high 
technology forms which are being developed - forms to which large 
19 
corporations in particular can put their expertise. Thus to a 
17 
A.S. Miller (1978) op. oU. , p.149. 
ibid., p.149. 
19 
In this regard, the interest of scientists in "" " 7 ™ " ^ 
that is, research involving "interesting science (See Chapter 3, 
l e i and Chanter 6, pp.208-12 , complements the interests of the 
e m p l o y g c o r p o r a t 0 that are developing high technology forms. 
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considerable degree the development of technology may be influenced by 
the sort of technological "interests" that the developers of technology 
have. (A further influence on the form of the technology that develops) 
It is clear however that the problem of form cannot be resolved by any 
simple a priori assumption about the nature of the technology. 
Finally, on the matter of suppression of technology, the point 
20 
has already been made that such suppression can occur. In the case 
of solar energy, the potential for suppression of developed solar energy 
technologies is increased if they become largely the concern of energy 
conglomerates whose control may allow them to release, and further 
develop, technologies in line with the relative profit implications of 2 1 
the alternatives. 
The possibility of such suppression is increased if the corpora-
tions involved have som.e degree of control over the market. One way of 
doing so it to have interests in a wide range of comriiodities which are 
substitutes for each other. This has been happening with the emergence 
20 
See Appendix A. 
2 1 
In fact, in the U.S., legislative proposals have been made 
(unsuccessfully) that would prevent oil companies from 
investing in solar energy technology because of such a 
possibility. A.S. Miller op. oit., p.149. 
Representatives of small business in the United States have 
used the already established interests of conglomerates in 
other energy fields, to attack their intrusion into solar 
energy research, pointing, in particular, to their open 
statements of the priority attached to such established 
interests in the worlds future energy situation. 
See, e.n., U.S. Senate Select Committee on Small Business 
(1975) 94th Concress, 1st Session, Hearings, Energy Research 
and Development and Small Business, U.S. G.overnm,ent P^^jnting 
Office, Washington, passim, but especially Part 1, pp.472-4 
and Part IB, po.2299-2310. 
Some of the more outspoken representatives have accused the 
oovernm,ent of a "sun coverup" by directing an increasing 
oroDortion of funds to such companies (pp.2299-2310}. 
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of energy companies. Oil companies in the U.S. for example have expanded 
their interests into uranium and coal, as well as solar, the extent of 
this expansion being illustrated by the fact that of the eight largest 
uranium mining companies, vyhich together control 80% of uranium reserves, 
22 
five of them are oil companies. 
A wide ranging suppression of solar energy technology is however 
unlikely because of the variety of solar energy technologies and more 
importantly, the large number of companies involved, which makes it 
almost impossible to have an oligopolistic situation subsuming all solar 
energy technologies, '-v'hat may be more likely is an "ideological 
strategy", whereby the viability of the new technology is played down. 
This occurred at the time of the development of radio, much being made 
of the "limitations" of radio, by the very company at the forefront of 
the development of radio, and also when the fluorescent light was 
2 3 
developed. That is, it is likely that such companies will become 
more involved in both solar energy research and in publicising the 
limitations of solar technologies. 
^^ R. Nader and J. Abbotts (1977) op. cit., p.258. 
A similar trend is already discernible in Australia, with several 
oil comoanies expanding into other energy interests, in particular, 
coal. For details see G. Crough (1978) "The Ownership and Control 
of Australia's Energy Resources", The Australian Jouvruil of 
PolitiQal Eaonomy, no. 2, June, pp.25-37. 
2 3 
See Appendix A, pp.323-5. 
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